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1.0 INTRODUCTION 

Tetra Tech NUS, Inc. (TtNUS) has been contracted by the Department of the Navy, Southern Division, 

Naval Facilities Engineering Command (NAVFAC EFD SOUTH) to support the expedited removal action 

at the Former Water Tower Site at the Naval Air Station (NAS) Key West, Florida.  TtNUS support 

activities include performing delineation and confirmation sampling, preparing the Work Plan for the 

removal action and performing an Engineering Evaluation and Cost Analysis (EE/CA) of remediation 

alternatives for the site.  This report is intended to 1) document the results of the delineation sampling 

event; 2) provide a Work Plan for the expedited removal action and confirmation sampling; and 3) 

document the results of the EE/CA.  This report was prepared under the Comprehensive Long-term 

Environmental Action Navy (CLEAN) Contract Number N62467-94-D-0888, Contract Task Order (CTO) 

Number 0349. 

1.1 REPORT ORGANIZATION 

This report consists of four chapters.  Chapter 1 includes the introduction, purpose, and scope of the 

document; a facility description; and history of the Former Water Tower Site.  Chapter 2 is the Field 

Summary Report for the delineation sampling effort.  Chapter 3 is the Removal Action Work Plan and 

provides the elements of the expedited removal action and the process used during the sampling support 

activities.  Chapter 4 documents the results of the EE/CA. 

1.2 SITE BACKGROUND AND HISTORY 

Several installations in various parts of the lower Florida Keys comprise NAS Key West.  The Navy 

manages 6,323 acres of land divided into 20 separate tracts in the lower Florida Keys, concentrated 

around Key West and Boca Chica Key (Figure 1-1) in southern Monroe County (Brown and Root 

Environmental, 1998).  Key West is approximately 150 miles southwest of Miami and 90 miles north of 

Havana, Cuba.  Key West connects to the mainland by the Overseas Highway (U.S. Highway 1).  The 

environmental setting at Key West is described in the Supplemental Site Inspection (SSI) Work Plan for 

BRAC (Base Realignment and Closure) Parcels at Truman Annex (TtNUS, 1999a). 

The Former Water Tower Site is located in an area known as the Defense Reutilization and Marketing 

Office (DRMO) Waste Storage Area at Truman Annex (Figure 1-2).  In the past, this area was used 

primarily to store metal debris, including motors, vehicles, boats, refugee debris, and fuel trucks.  Some 

hazardous materials were also stored at the DRMO Waste Storage Area.  Several investigations were 

conducted to determine the nature and extent of contamination at the DRMO Waste Storage Area.  
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These investigations are summarized in the SSI Report for BRAC Parcels at Truman Annex (TtNUS, 

1999b).  The DRMO Waste Storage Area was remediated in 1999.  Approximately 16,000 tons of soil 

were removed from the area and replaced with clean backfill (Bechtel Environmental, Inc., 1999).  The 

excavated area is shown in Figure 1-2.  In 2003, the area was transferred from Navy ownership to the 

City of Key West.  A water tower remained on the property.  The water tower and an area immediately 

surrounding the tower that measures 170 feet by 171.95 feet were retained by NAS Key West.  In 

September 2003, the water tower was removed.  The Navy plans to reclassify the Former Water Tower 

Site before the end of fiscal year 2004.  However, soil contamination from lead-based paint used on the 

water tower was identified (Falcon, 2003).  Low concentrations of polychlorinated biphenyls (PCBs), semi-

volatile organic compounds (SVOCs) and inorganic chemicals have also been detected in the surface soil 

at the water tower site during previous investigations.  Therefore, the Navy has determined that an 

expedited removal action is needed in order to reclassify the site by the end of fiscal year 2004. 
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2.0 DELINEATION SAMPLING FIELD SUMMARY REPORT 

In June 2004, TtNUS performed delineation sampling to support the expedited removal action at the 

Former Water Tower Site at the NAS Key West, Florida.  The field work was performed in accordance 

with the Work Plan for Delineation and Confirmation Sampling to Support the Expedited Removal Action 

at the Truman Annex Water Tower Site, Naval Air Station Key West (TtNUS, 2004).  Due to uncertainty 

about the location of underground structures a geophysical survey was performed prior to sampling.  After 

which, soil delineation samples were collected.  This chapter evaluates the data gathered during the field 

effort and identifies those areas at the Former Water Tower Site that require remedial activities prior to 

transfer of the property. 

2.1 GEOPHYSICAL INVESTIGATION 

Geophysical methods including electromagnetic (EM) equipment and ground penetrating radar (GPR) 

were used (3 June 2004 through 7 June 2004) to perform a survey of the Truman Annex Water Tower 

foundation and surrounding area (approximately 170 feet by 170 feet).  The objectives of the survey were 

to: 

• Identify and mark the locations of the subsurface tower footing structures. 

• Identify and mark any utilities in the area. 

A Geonics EM61 High Sensitivity Metal Detector (EM61) was used to locate or detect the possible 

presence of metallic objects including anchor bars in the tower footings, metallic utilities, and any other 

objects that may be in the area.  GPR was used to investigate the possible presence of non-metallic 

utilities and concrete tower footing structures. 

2.1.1 EM61 High Sensitivity Metal Detector Survey 

The EM61 is a high-sensitivity, high-resolution time-domain metal detector that is used to detect both 

ferrous and non-ferrous metallic objects.  It consists of a transmitter that generates a pulsed primary 

magnetic field, inducing eddy currents in nearby metallic objects.  Two receiver coils measure the decay 

of these currents.  By making the measurements at a relatively long time interval after the primary pulse is 

transmitted, the response is practically independent of the electrical conductivity of the ground. 

A sampling grid consisting of 16 grid cells, each measuring 42.5 feet by 43 feet, was established on the 

ground surface (Figure 2-1).  The EM61 data were collected along traverses oriented perpendicular and 

parallel to the sampling grid lines.  For the traverses oriented roughly north-south, the line spacing was 5 



Rev. 0 
07/19/04 

AIK-04-0159 2-2 CTO 0349 

feet.  For the traverses oriented roughly east-west, the line spacing was 10 feet.  The EM61 data were 

interpreted in real-time, and anomalies were marked in the field with pin flags or surveyors flagging tape. 

2.1.2 GPR Survey 

A GSSI SIR 3000 GPR device equipped with a 400 megahertz (MHz) transducer was used to perform the 

investigation.  GPR techniques are based upon the rapid and repetitive transmission of EM signals 

(pulses) generated from the device’s transducer and propagated into the subsurface.  The transmitted EM 

signal travels through the subsurface and is reflected at interfaces where contrasts in the electrical 

properties of the media are present.  Interfaces where GPR reflections occur include changes in soil 

mineralogy, soil texture, moisture content, or the presence of a buried man-made feature such as a utility, 

pipe, or concrete structure.  The device’s transducer receives the reflected portion of the transmitted EM 

signal.  The two-way travel time and reflected signal amplitude versus the horizontal distance the 

instrument has traveled are displayed on the output of the instrument.   

The time it takes a GPR signal to travel from the transducer, reflect off of a target, and return to the 

transducer is called the two-way reflection time.  Two-way reflection times are displayed in units of 

nanoseconds and vary depending on the electrical properties of the subsurface materials.  GPR signals in 

clayey soils, fill, shale, or saline groundwater attenuate rapidly due to the high conductivity, limiting the 

depths of investigation.  Conversely, the depth of investigation is often much greater in dry sandy soils 

relative to clayey soils.   

GPR data were collected along traverses oriented perpendicular and parallel to the sampling grid lines 

(Figure 2-1).  For the traverses oriented roughly north-south, the line spacing was 10 feet.  For the 

traverses oriented roughly east-west, the line spacing was originally specified at 20 feet.  However, due to 

uncertainty regarding the dimensions of the water tower footers, this line spacing was changed to 10 feet. 

during the field operations.  Due to a shallow water table at the Former Water Tower Site, the depth of 

investigation was set at 10 feet.  The GPR data were interpreted in real-time and anomalies were marked 

in the field with pin flags or surveyors flagging tape. 

2.1.3 Anomaly Locations 

The locations of the anomalies marked in the field were recorded with a Trimble PRO XRS Global 

Positioning System (GPS) device. 
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2.1.4 Survey Results 

Numerous anomalies at shallow depths were detected with both the EM61 and the GPR.  Figure 2-2 

shows these anomalies.  Several linear anomalies that may indicate utilities were identified during the 

survey.  The most prominent linear features are labeled L-1 through L-8.  Two of the linear features were 

tentatively identified in the field as the old water line and a new water line.  The feature labeled L-1 on the 

figure was not seen in the EM61 data, but was a prominent anomaly in the GPR data.  This feature is 

assumed to be a new water line constructed of plastic pipe.  The feature identified as the old water line 

(L-2) was prominent in both the EM61 and the GPR data.  This line is assumed to be an iron pipe.  Linear 

features L-3 through L-8 shown in Figure 2-2 are possible, active or inactive, utility lines.  The other linear 

features are fairly short and probably represent buried objects that are relatively long in one direction.  For 

example, a steel plate approximately 2.5 feet long by 0.5 feet wide by 0.5 inches thick was found in the 

area.  A conservative approach was used during the interpretation; that is anomalies were connected into 

a linear feature if there was any doubt. 

Many isolated anomalies were also detected and marked in the field.  These anomalies may be due to 

metallic debris associated with the demolition of the former water tower.  Such debris was visible on the 

surface in many areas, especially to the west of the former tower location. 

Eight prominent area anomalies (A-1 through A-8) were also identified during the survey (Figure 2-2).  

Anomalies A-1 through A-6 were interpreted as the footers for the former water tower.  The geometry and 

spacing of these anomalies supports this interpretation.  The shape of anomaly A-6 was probably 

distorted by the nearby linear feature interpreted to be the old water line (L-2).  Anomaly A-7 was 

interpreted as a pipe vault or similar structure associated with the former water tower.  Area anomaly A-8 

may represent several individual anomalies that were spaced closely together.  The other smaller area 

anomalies may represent groups of individual objects.   

2.1.5 Conclusions 

The results of the geophysical survey indicate that the footing structures of the former water tower were 

found.  In addition, a prominent feature was interpreted as a pipe vault or similar structure between the six 

tower footers.  Two linear features were identified as probable water lines.  Other linear features detected 

may represent active or inactive utility lines, or portions of such utilities.  Numerous isolated anomalies 

were also detected that may be associated with metallic debris from the water tower demolition.   
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2.2 DELINEATION SAMPLING 

In June 2004, a total of 80 soil borings were installed utilizing direct-push technology (DPT).  Sixteen grid 

cells, each measuring 42.5 feet by 43 feet, were designated on the ground surface.  Within each cell, five 

soil borings (A, B, C, D, and E) were installed to a final depth of 24 inches below land surface (bls) 

(Figure 2-1).  Samples were collected from three intervals: 0 to 6 inches, 6 to 12 inches, and 12 to 24 

inches.  This collection method was a modification of the Delineation and Confirmation Sampling 

Workplan (TtNUS, 2004), intended to meet the proposed Florida Department of Environmental Protection 

(FDEP) regulations (Chapter 62-780 F.A.C.).  

Quality Control (QC) samples were collected as specified in the FDEP Standard Operating Procedure 

(SOP) FQ1000 – Field Quality Control Requirements (FDEP, 2002) and the Tetra Tech Corporate Quality 

Assurance Manual (TtNUS, 2002a).  Duplicate samples were collected at the rate of one per 10 samples.  

Matrix spike and matrix spike duplicate (MS/MSD) samples were collected at the rate of one per 20 

samples per matrix.  Equipment blanks were collected at a minimum of 5 percent of each reported test 

result/matrix combination.  

Soil sampling was performed in accordance with FDEP SOPs (FDEP, 2002).  All sample collections were 

cleared for utilities by TtNUS prior to sampling.  All soil samples were analyzed in the field for lead using 

x-ray fluorescence (XRF) to provide immediate results.  The soil samples taken from grid cells 6, 7, 10, 

and 11 were analyzed for PCBs in the field using immunoassay field test kits and at a fixed-base 

laboratory.  All soil samples collected from the center of the grid cells were analyzed at a fixed-base 

laboratory for the following suite of parameters: 

• Target Analyte List (TAL) Metals plus Tin 

• Target Compound List (TCL) SVOCs 

2.2.1 PCB Analysis 

2.2.1.1 Immunoassay 

The immunoassay was used for field analysis because of its speed, sensitivity, selectivity, and relatively 

easy use.  The PCB results obtained by the immunoassay were compared with those of the fixed-base 

laboratory to determine any correlation that could be applied during confirmation sampling to provide 

immediate PCB results for field decisions. 
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Strategic Diagnostics Inc, of Newark, Delaware provided two kits, a sample extraction kit and an Ensys 

PCB Soil Test Kit (EPA Method 4020), for the immunoassay field analysis.  The Ensys PCB Soil Test Kit 

is a semi-quantitative enzyme immunoassay used for the detection of PCBs in soil.  The method identifies 

95% of samples that are PCB-free and those containing 1 parts per million (ppm) or greater of PCBs. The 

kit standard provided was Aroclor-1248 (which is approximately 48% chlorine by weight), with a 

detection range of 1.0 to 500 ppm.  

The determination of the presence of PCBs was made by comparing the color developed by a sample of 

unknown concentration with the color formed by the standard containing the analyte (Aroclor-1248) at a 

known concentration. The determination of the PCB concentration in the sample was interpreted relative 

to the kit standard by reading with a spectrophotometer. 

Twelve soil samples collected adjacent to the tower footings on June 8, 2004 were stored in ziploc bags 

until analysis.  The samples were analyzed in the field for the presence of PCBs on June 9, 2004.  The 

samples were not diluted and specific quantification levels were not achieved.  Duplicate standards were 

run to provide an internal test system QC.  The standard used during the second round of testing  

(-0.38) was greater than the recommended QC limit of less than 0.30 (irrespective of the sign + or -) 

therefore the results may be invalid.  The -0.38 standard was used because it was closest to the -0.30 

limit of the two standards produced.  The second standard was even further outside of the QC limit.  The 

results obtained from the immunoassay are presented in Table 2-1. 

A positive photometer reading indicates that the PCB concentration in the sample is less than the testing 

level (standard) in the sample.  A negative or zero photometer reading indicates that the PCB 

concentration in the sample is greater than or equal to the testing level (standard).  The immunoassay 

results indicated the presence of PCBs at concentrations greater than 500 ppm for all samples except 

C03D-11C-24-0604. 

2.2.1.2 Fixed-Base Laboratory 

Fifteen soil samples; twelve standard samples, one duplicate of C03D-07C-24-0604 (KW-DUP-05-0604), 

and one each MS/MSD at the interval of 12 to 24 inches (C03D-10C-24-0604MS and C02D-10C-24-

0604MSD), and one rinsate blank were sent to Accutest Laboratories for PCB analysis. All analyses were 

conducted in accordance with Naval Facilities Engineering Service Center Quality Assurance/Quality 

Control criteria using SW-846 Method 8082 analysis and reporting protocols. 

The validated fixed-base laboratory results are presented in Table 2-2. 
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Field duplicate imprecision (RPD>50%) (relative percent difference) was noted for Aroclor-1260 in the 

KW-DUP-05-0604/C03D-07C-24-0604 sample pair.  Positive results for Aroclor-1260 were qualified as 

estimated “J” in this sample pair only. 

The MS/MSD performed on sample C03D-10C-24-0604 has percent recovery less than the quality control 

limit for Aroclor-1260 in the MS.  No action was taken on this basis. 

All the samples excluding KW-DUP-05-0604, C03D-11C-12-0604, C03D-11C-24-0604, the MS/MSD, and 

the rinsate blank analyzed for PCB required dilutions due to high concentrations of Aroclor-1254 and/or 

Aroclor-1260.  The dilutions resulted in elevated detection limits for the non-detected PCBs. 

Aroclor-1260 was detected in all soil samples and Aroclor-1254 was detected in grid cell 6 in the 0 to 6 

inch depth.  Aroclor-1260 exceeded its associated action level in seven of the twelve soil samples.  Figure 

2-3 shows the sample locations and depths where exceedences were detected. 

2.2.1.3 Laboratory and Immunoassay Results Correlation 

A comparison of the fixed-base laboratory results to the immunoassay results based on Aroclor-1248 

standard indicate that immunoassay is a good screening tool for detecting the presence of PCBs in soil.  

However, due to the large disparity between the PCB concentrations detected at the fixed-base 

laboratory and the immunoassay results taken in the field, a direct correlation between the two methods 

cannot be reached at this time.  For example the immunoassay results for samples C03D-06C-24-0604, 

C03D-10C-06-0604, and C03D-10C-12-0604 were greater than 500 ppm, but the fixed-base laboratory 

results were 11.4 ppm, 2.16 ppm, and 0.313 ppm, respectively.  To better determine the quantitative 

relationship between the results of the two testing methods, TtNUS recommends that during confirmation 

sampling, Aroclor-1260 be used as the standard (Aroclor-1260 was detected in all the PCB samples) and 

that the samples be diluted to further increase the quantitative properties of the immunoassay. 

2.2.2 Metals Analysis 

2.2.2.1 XRF 

The XRF was used for field lead analysis because of its speed, and relatively easy use.  The XRF lead 

results obtained were compared with those from the fixed-base laboratory, and used to determine any 

direct correlation that can be applied during confirmation sampling to provide immediate lead results for 

field decisions. 
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The results obtained from the XRF are presented in Table 2-4. 

Because some of the XRF lead readings were below the detection limits of the instrument, readings 

within a range (+/-) were provided.  The range is provided by the instrument at the time the reading is 

taken. 

2.2.2.2 Fixed-Base Laboratory 

Fifty-two soil samples including four duplicates [KW-DUP-01-0604 (C03D-01C-06-0604), KW-DUP-02-

0604 (C03D-01C-12-0604), KW-DUP-03-0604 (C03D-01C-24-0604), KW-DUP-04-0604 (C03D-15C-

0604)] were sent to Accutest Laboratories for analysis.  Metals analyses, except mercury, were 

conducted using SW846 method 6010B.  Mercury analyses were conducted using SW846 method 

7471A. 

Lead was detected in all 16 grid cells.  In cells 1, 5, 6, 7, 8, 10, 12, 14, and 16 lead was detected at all 

sample depths.  In cell 4, lead was detected in the 0 to 6 inch depth only.  In cells 2 and 9, lead was 

detected in the 0 to 6 inch and 12 to 24 inch depth samples.  In cells 3, 11, and 13, lead was detected in 

the 0 to 6 inch and 6 to 12 inch depth samples.  Lead was detected in the 6 to 12 inch and 12 to 24 inch 

samples in cell 15.  In cell 5, lead concentrations exceeded the action level in the 0 to 6 inch depth.  All 

other lead concentrations were below the action level.  The validated fixed-base laboratory results for 

lead are presented in Table 2-5.  Figure 2-3 shows the sample locations where exceedences were 

detected. 

2.2.2.3 Laboratory and XRF Results Correlation 

A comparison between the fixed-base laboratory and the XRF lead results is represented in Table 2-6. 

Due to the disparity between the XRF and the fixed-base laboratory results a direct correlation cannot be 

determined.  

2.2.2.4 Metals (Other Than Lead) 

The validated laboratory results for metals other than lead are presented in Table 2-7.  Aluminum, 

arsenic, barium, calcium, chromium, copper, iron, magnesium, manganese, nickel, potassium, sodium, 

vanadium, and zinc were detected in all samples.  Antimony, cadmium, cobalt, mercury, silver, and tin, 

were also detected in some of the samples.  In general, the concentrations of metals found in the soil 

samples were well below their associated action levels.  In the sample from the 0 to 6 inch depth of cell 5, 
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antimony and arsenic were detected at concentrations that slightly exceeded their associated action 

levels.  The concentration of antimony exceeded the action level in the sample taken from the 0 to 6 inch 

depth of cell 6.  The concentration of arsenic slightly exceeded the action level in the sample taken from 

the 12 to 24 inch depth of cell 6.  No other exceedences were noted.  Figure 2-3 shows the sample 

locations where exceedences were detected. 

2.2.3 SVOC Analysis 

Fifty-two soil samples including four duplicates [KW-DUP-01-0604 (Co3D-01C-06-0604), KW-DUP-02-

0604 (C03D-01C-12-0604), KW-DUP-03-0604 (C03D-01C-24-0604), KW-DUP-04-0604 (C03D-15C-

0604)] were sent to Accutest Laboratories for analysis.  SVOC analyses were conducted using SW846 

method 8270C. 

The validated fixed-base laboratory results for lead are presented in Table 2-8.  SVOCs were detected in 

samples from grid cells 1, 7, 10, 11, and 13.  In general, the concentrations of SVOCs in the soil samples 

were well below their associated action levels.  The concentration of benzo(a)pyrene exceeded the action 

level in the sample taken from the 6 to 12 inch depth of cell 10.  No other SVOC exceedences were 

noted.  Figure 2-3 shows the sample location where the exceedence was detected. 

2.2.4 Conclusions and Recommendations 

A comparison of residential action levels to fixed-base laboratory analytical results was made yielding a 

favorable or nonfavorable comparison.  If the comparison was favorable (i.e., parameter concentrations 

are less than the selected action level), then the grid cell was considered “clean” and that area will not be 

excavated.  If the comparison was not favorable, the grid cell was slated for excavation.  A review of the 

fixed-base laboratory results shows that nonfavorable comparisons (exceedences) were noted in grid 

cells 5, 6, 7, 10, and 11. 

In grid cell 5, lead was detected at a concentration that exceeds its action level.  In addition, arsenic and 

antimony were detected at levels slightly above their respective action levels in grid cell 5.  These 

exceedences were all noted in the 0 to 6 inch depth.  TtNUS recommends that grid cell 5 be excavated to 

a depth of six inches.   

In grid cells 6, 7, 10, and 11, Aroclor-1260 was detected at concentrations that exceed its action level.  In 

cells 6 and 7, Aroclor-1260 exceedences were noted at all depths.  In cells 10 and 11, Aroclor-1260 

exceedences were noted at the 0 to 6 inch depth.  In addition, antimony and lead were detected in cell 6 

at the 0 to 6 inch depth at concentrations above their respective action levels.  Benzo(a)pyrene was also 
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detected in cell 10 at the 6 to 12 inch depth at a concentration above its action level.  Lead was also 

detected in cell 11 at the 0 to 6 inch depth at a concentration above its action level.  TtNUS recommends 

that all four grid cells be excavated to a depth of 24 inches. 

The estimated limits of excavation are indicated on Figure 2-4.  The EE/CA supporting the selection of 

excavation and disposal as the remedial action alternative for the Former Water Tower Site is provided in 

chapter 4. 

Benzo(a)pyrene was the only SVOC detected at an estimated concentration slightly above its action level 

during delineation sampling.  The excavation of the grid cell 10, the cell where the exceedence was 

noted, will be deeper than the depth at which benzo(a)pyrene was detected.  Therefore, TtNUS 

recommends that confirmation sampling not include laboratory analysis of SVOCs based on the absence 

of SVOCs detected during the delineation sampling phase. 
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TABLE 2-1 
 

PCB IMMUNOASSAY RESULTS 
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

 

Sample ID 
Weight  

(g) Standard 
Photometric 

Result 
Result 
(ppm) 

C03D-06C-06-0604 10.1 -0.0 -0.67 (clear) >500 
C03D-06C-12-0604 9.9 -0.0 -0.60 (tinted) >500 
C03D-06C-24-0604 10.1 -0.0 -0.70 (clear) >500 
C03D-10C-06-0604 10.0 -0.0 -0.70 (clear) >500 
C03D-10C-12-0604 10.1 -0.0 -0.70 (clear) >500 
C03D-10C-24-0604 10.1 -0.38 -0.65 (clear) >500 
C03D-07C-06-0604 9.9 -0.26 -0.65 (clear) >500 
C03D-07C-12-0604 9.9 -0.26 -0.18 (yellow) >500 
C03D-07C-24-0604 10.0 -0.26 -0.65 (clear) >500 
C03D-11C-06-0604 10.0 -0.38 -0.85 (clear) >500 
C03D-11C-12-0604 10.1 -0.38 -0.57 (tinted) >500 
C03D-11C-24-0604 9.9 -0.38 0.07 (yellow) <500 
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TABLE 2-2 
 

PCBS DETECTED BY FIXED-BASE LABORATORY  
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

 

Sample ID Parameter 
Result  
(ppb) Qualifier 

Action 
Level 
(ppb) 

C03D-06C-12-0604 Aroclor-1254 109 J 500 
C03D-06C-06-0604 Aroclor-1260 842  
C03D-06C-12-0604 Aroclor-1260 517 J 
C03D-06C-24-0604 Aroclor-1260 11400  
C03D-10C-06-0604 Aroclor-1260 2160  
C03D-10C-12-0604 Aroclor-1260 313  
C03D-10C-24-0604 Aroclor-1260 265  
C03D-07C-06-0604 Aroclor-1260 3270  
C03D-07C-12-0604 Aroclor-1260 442  
C03D-07C-24-0604-AVG Aroclor-1260 932 J 
C03D-11C-06-0604 Aroclor-1260 17200  
C03D-11C-12-0604 Aroclor-1260 114  
C03D-11C-24-0604 Aroclor-1260 16.4 J 

500 

Shading indicates a concentration in excess of the selected screening value. 
The notation “-AVG” indicates that duplicate samples were collected and the results were averaged. 
J – The associated value is an estimated quantity. 
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TABLE 2-3 
 

COMPARISON OF FIXED-BASE LABORATORY AND IMMUNOASSAY PCB RESULTS 
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

 
Concentration (ppm) 

Sample ID Lab Analysis Immunoassay 
C03D-06C-06-0604 0.842 >500 
C03D-06C-12-0604 0.517 >500 
C03D-06C-24-0604 11.400 >500 
C03D-10C-06-0604 2.160 >500 
C03D-10C-12-0604 0.313 >500 
C03D-10C-24-0604 0.265 >500 
C03D-07C-06-0604 3.270 >500 
C03D-07C-12-0604 0.442 >500 
C03D-07C-24-0604-AVG 0.932 >500 
C03D-11C-06-0604 17.200 >500 
C03D-11C-12-0604 0.114 >500 
C03D-11C-24-0604 0.0164 <500 

Results in this table are presented in ppm to facilitate comparison. 
The notation “-AVG” indicates that duplicate samples were collected and the fixed-base laboratory 
results were averaged. 
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TABLE 2-4 
 

SOIL XRF RESULTS FOR LEAD 
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 1 OF 2 
 

Concentration (ppm) 
Sample ID Lead Lead +/- 

C03D-01C-06-0604 46.87 9.15 
C03D-01C-12-0604 <LOD 24.43 
C03D-01C-24-0604 <LOD 24.72 
C03D-02C-06-0604 85.01 10.13 
C03D-02C-12-0604 <LOD 24.75 
C03D-02C-24-0604 <LOD 33.13 
C03D-03C-06-0604 <LOD 25.31 
C03D-03C-12-0604 <LOD 25.58 
C03D-03C-24-0604 <LOD 24.37 
C03D-04C-06-0604 <LOD 24.99 
C03D-04C-12-0604 <LOD 23.74 
C03D-04C-24-0604 <LOD 24.03 
C03D-05C-06-0604 1035.4 27.44 
C03D-05C-12-0604 <LOD 35.65 
C03D-05C-24-0604 <LOD 35.69 
C03D-06C-06-0604 507.17 17.51 
C03D-06C-12-0604 231.25 13.44 
C03D-06C-24-0604 678.76 22.57 
C03D-07C-06-0604 125.32 12.38 
C03D-07C-12-0604 481.16 19.52 
C03D-07C-24-0604 <LOD 26.11 
C03D-08C-06-0604 133.31 11.1 
C03D-08C-12-0604 <LOD 23.64 
C03D-08C-24-0604 710.13 20.79 
C03D-09C-06-0604 <LOD 24.1 
C03D-09C-12-0604 <LOD 23.81 
C03D-09C-24-0604 <LOD 23.35 
C03D-10C-06-0604 190.67 14.91 
C03D-10C-12-0604 <LOD 35.5 
C03D-10C-24-0604 <LOD 34.63 
C03D-11C-06-0604 1486.55 31.08 
C03D-11C-12-0604 43.79 9.07 
C03D-11C-24-0604 124.35 10.51 
C03D-12C-06-0604 <LOD 25.34 
C03D-12C-12-0604 <LOD 24.31 
C03D-12C-24-0604 78.6 12.51 
C03D-13C-06-0604 57.69 12.46 
C03D-13C-12-0604 <LOD 35.41 
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TABLE 2-4 
 

SOIL XRF RESULTS FOR LEAD 
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 2 OF 2 
 

XRF 
Sample ID Lead Lead +/- 

C03D-13C-24-0604 <LOD 36.26 
C03D-14C-06-0604 107.6 10.87 
C03D-14C-12-0604 <LOD 24.09 
C03D-14C-24-0604 <LOD 23.74 
C03D-15C-06-0604 <LOD 24.92 
C03D-15C-12-0604 <LOD 24.74 
C03D-15C-24-0604 <LOD 33.52 
C03D-16C-06-0604 <LOD 24.26 
C03D-16C-12-0604 <LOD 25.02 
C03D-16C-24-0604 36.13 8.89 
LOD - Limit of detection 
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TABLE 2-5 
 

LEAD DETECTED BY FIXED-BASE LABORATORY  
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 1 OF 2 
 

Sample ID 
Results 
(ppm) Qualifier 

Action Level 
(ppm) 

C03D-01C-06-0604-AVG 5.4875  
C03D-01C-12-0604-AVG 1.785  
C03D-01C-24-0604-AVG 23.45  
C03D-02C-06-0604 101  
C03D-02C-24-0604 2.9  
C03D-03C-06-0604 1.6  
C03D-03C-12-0604 1  
C03D-04C-06-0604 6.1  
C03D-05C-06-0604 595  
C03D-05C-12-0604 2.5  
C03D-05C-24-0604 1.4  
C03D-06C-06-0604 3620  
C03D-06C-12-0604 359  
C03D-06C-24-0604 85.4  
C03D-07C-06-0604 28.4  
C03D-07C-12-0604 25.1  
C03D-07C-24-0604-AVG 167  
C03D-08C-06-0604 9.2  
C03D-08C-12-0604 1.4  
C03D-08C-24-0604 33.5  
C03D-09C-06-0604 5.7  
C03D-09C-24-0604 1.7  
C03D-10C-06-0604 20.9  
C03D-10C-12-0604 9.2  
C03D-10C-24-0604 7.2  
C03D-11C-06-0604 613  
C03D-11C-12-0604 4.2  
C03D-12C-06-0604 1.6  
C03D-12C-12-0604 3.9  
C03D-12C-24-0604 14.3  
C03D-13C-06-0604 288  
C03D-13C-12-0604 1.7  
C03D-14C-06-0604 8.9  
C03D-14C-12-0604 25.5  
C03D-14C-24-0604 3.8  

400 
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TABLE 2-5 
 

LEAD DETECTED BY FIXED-BASE LABORATORY  
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 2 OF 2 
 

Sample ID 
Results 
(ppm) Qualifier 

Action Level 
(ppm) 

C03D-15C-12-0604-AVG 1.0725  
C03D-15C-24-0604 9.9  
C03D-16C-06-0604 9.3  
C03D-16C-12-0604 13.5  
C03D-16C-24-0604 35.7  

400 

Shading indicates a concentration in excess of the selected screening value. 
The notation “-AVG” indicates that duplicate samples were collected and the results were averaged. 
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TABLE 2-6 
 

COMPARISON OF FIXED-BASE LABORATORY AND XRF LEAD RESULTS 
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 1 OF 2 
 

XRF Laboratory 

Sample ID 
Lead 
(ppm) 

Lead 
(ppm) 

C03D-01C-06-0604-AVG 46.87 5.4875 
C03D-01C-12-0604-AVG <LOD 1.785 
C03D-01C-24-0604-AVG <LOD 23.45 
C03D-02C-06-0604 85.01 101 
C03D-02C-24-0604 <LOD 2.9 
C03D-03C-06-0604 <LOD 1.6 
C03D-03C-12-0604 <LOD 1 
C03D-04C-06-0604 <LOD 6.1 
C03D-05C-06-0604 1035.4 595 
C03D-05C-12-0604 <LOD 2.5 
C03D-05C-24-0604 <LOD 1.4 
C03D-06C-06-0604 507.17 3620 
C03D-06C-12-0604 231.25 359 
C03D-06C-24-0604 678.76 85.4 
C03D-07C-06-0604 125.32 28.4 
C03D-07C-12-0604 481.16 25.1 
C03D-07C-24-0604-AVG <LOD 167 
C03D-08C-06-0604 133.31 9.2 
C03D-08C-12-0604 <LOD 1.4 
C03D-08C-24-0604 710.13 33.5 
C03D-09C-06-0604 <LOD 5.7 
C03D-09C-24-0604 <LOD 1.7 
C03D-10C-06-0604 190.67 20.9 
C03D-10C-12-0604 <LOD 9.2 
C03D-10C-24-0604 <LOD 7.2 
C03D-11C-06-0604 1486.55 613 
C03D-11C-12-0604 43.79 4.2 
C03D-12C-06-0604 <LOD 1.6 
C03D-12C-12-0604 <LOD 3.9 
C03D-12C-24-0604 78.6 14.3 
C03D-13C-06-0604 57.69 288 
C03D-13C-12-0604 <LOD 1.7 
C03D-14C-06-0604 107.6 8.9 
C03D-14C-12-0604 <LOD 25.5 
C03D-14C-24-0604 <LOD 3.8 
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TABLE 2-6 
 

COMPARISON OF FIXED-BASE LABORATORY AND XRF LEAD RESULTS 
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 2 OF 2 
 

XRF Laboratory 

Sample ID 
Lead 
(ppm) 

Lead 
(ppm) 

C03D-15C-12-0604-AVG <LOD 1.0725 
C03D-15C-24-0604 <LOD 9.9 
C03D-16C-06-0604 <LOD 9.3 
C03D-16C-12-0604 <LOD 13.5 
C03D-16C-24-0604 36.13 35.7 
The notation “-AVG” indicates that duplicate samples were collected and the results were 
averaged. 
LOD – Limit of detection 
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TABLE 2-7 
 

METALS OTHER THAN LEAD DETECTED BY FIXED-BASE LABORATORY  
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 1 OF 23 
 

Sample ID Parameter 
Results 
(ppm) Qualifier 

Action 
Level 
(ppm) 

C03D-01C-06-0604-AVG Aluminum 623.5  
C03D-01C-12-0604-AVG Aluminum 541  
C03D-01C-24-0604-AVG Aluminum 575.5  
C03D-02C-06-0604 Aluminum 555  
C03D-02C-12-0604 Aluminum 595  
C03D-02C-24-0604 Aluminum 537  
C03D-03C-06-0604 Aluminum 561  
C03D-03C-12-0604 Aluminum 667  
C03D-03C-24-0604 Aluminum 698  
C03D-04C-06-0604 Aluminum 595  
C03D-04C-12-0604 Aluminum 665  
C03D-04C-24-0604 Aluminum 678  
C03D-05C-06-0604 Aluminum 248  
C03D-05C-12-0604 Aluminum 85  
C03D-05C-24-0604 Aluminum 76.2  
C03D-06C-06-0604 Aluminum 540  
C03D-06C-12-0604 Aluminum 512  
C03D-06C-24-0604 Aluminum 387  
C03D-07C-06-0604 Aluminum 711  
C03D-07C-12-0604 Aluminum 726  
C03D-07C-24-0604-AVG Aluminum 279  
C03D-08C-06-0604 Aluminum 651  
C03D-08C-12-0604 Aluminum 503  
C03D-08C-24-0604 Aluminum 481  
C03D-09C-06-0604 Aluminum 524  
C03D-09C-12-0604 Aluminum 501  
C03D-09C-24-0604 Aluminum 497  
C03D-10C-06-0604 Aluminum 272  
C03D-10C-12-0604 Aluminum 119  
C03D-10C-24-0604 Aluminum 142  
C03D-11C-06-0604 Aluminum 646  
C03D-11C-12-0604 Aluminum 673  
C03D-11C-24-0604 Aluminum 636  
C03D-12C-06-0604 Aluminum 652  
C03D-12C-12-0604 Aluminum 653  
C03D-12C-24-0604 Aluminum 326  
C03D-13C-06-0604 Aluminum 192  

72000 
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TABLE 2-7 
 

METALS OTHER THAN LEAD DETECTED BY FIXED-BASE LABORATORY  
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 2 OF 23 
 

Sample ID Parameter 
Results 
(ppm) Qualifier 

Action 
Level 
(ppm) 

C03D-13C-12-0604 Aluminum 61.7  
C03D-13C-24-0604 Aluminum 50.5  
C03D-14C-06-0604 Aluminum 600  
C03D-14C-12-0604 Aluminum 627  
C03D-14C-24-0604 Aluminum 623  
C03D-15C-06-0604 Aluminum 637  
C03D-15C-12-0604-AVG Aluminum 626.5  
C03D-15C-24-0604 Aluminum 119  
C03D-16C-06-0604 Aluminum 550  
C03D-16C-12-0604 Aluminum 581  
C03D-16C-24-0604 Aluminum 545  

72000 

C03D-05C-06-0604 Antimony 5.7  
C03D-06C-06-0604 Antimony 65.6  
C03D-06C-12-0604 Antimony 3.5  
C03D-07C-24-0604-AVG Antimony 1.7  
C03D-11C-06-0604 Antimony 2.3  
C03D-13C-06-0604 Antimony 4.7  

5 

C03D-01C-06-0604-AVG Arsenic 1.25  
C03D-01C-12-0604-AVG Arsenic 1.5  
C03D-01C-24-0604-AVG Arsenic 1.15  
C03D-02C-06-0604 Arsenic 1.1  
C03D-02C-12-0604 Arsenic 1.4  
C03D-02C-24-0604 Arsenic 1.4  
C03D-03C-06-0604 Arsenic 0.94  
C03D-03C-12-0604 Arsenic 1.5  
C03D-03C-24-0604 Arsenic 1.2  
C03D-04C-06-0604 Arsenic 1.0  
C03D-04C-12-0604 Arsenic 1.7  
C03D-04C-24-0604 Arsenic 1.2  
C03D-05C-06-0604 Arsenic 2.8  
C03D-05C-12-0604 Arsenic 1.8  
C03D-05C-24-0604 Arsenic 1.7  
C03D-06C-06-0604 Arsenic 2.4  
C03D-06C-12-0604 Arsenic 0.97  
C03D-06C-24-0604 Arsenic 2.6  
C03D-07C-06-0604 Arsenic 1.0  
C03D-07C-12-0604 Arsenic 1.3  

2.66 
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TABLE 2-7 
 

METALS OTHER THAN LEAD DETECTED BY FIXED-BASE LABORATORY  
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 3 OF 23 
 

Sample ID Parameter 
Results 
(ppm) Qualifier 

Action 
Level 
(ppm) 

C03D-07C-24-0604-AVG Arsenic 1.6  
C03D-08C-06-0604 Arsenic 1.4  
C03D-08C-12-0604 Arsenic 1.1  
C03D-08C-24-0604 Arsenic 2.0  
C03D-09C-06-0604 Arsenic 0.86  
C03D-09C-12-0604 Arsenic 0.77  
C03D-09C-24-0604 Arsenic 1.2  
C03D-10C-06-0604 Arsenic 1.9  
C03D-10C-12-0604 Arsenic 1.9  
C03D-10C-24-0604 Arsenic 2.7  
C03D-11C-06-0604 Arsenic 2.0  
C03D-11C-12-0604 Arsenic 1.0  
C03D-11C-24-0604 Arsenic 1.0  
C03D-12C-06-0604 Arsenic 1.4  
C03D-12C-12-0604 Arsenic 1.4  
C03D-12C-24-0604 Arsenic 2.3  
C03D-13C-06-0604 Arsenic 1.9  
C03D-13C-12-0604 Arsenic 2.1  
C03D-13C-24-0604 Arsenic 1.7  
C03D-14C-06-0604 Arsenic 1.9  
C03D-14C-12-0604 Arsenic 1.6  
C03D-14C-24-0604 Arsenic 1.8  
C03D-15C-06-0604 Arsenic 1.9  
C03D-15C-12-0604-AVG Arsenic 1.7  
C03D-15C-24-0604 Arsenic 2.1  
C03D-16C-06-0604 Arsenic 1.1  
C03D-16C-12-0604 Arsenic 1.5  
C03D-16C-24-0604 Arsenic 1.7  

2.66 

C03D-01C-06-0604-AVG Barium 6.7  
C03D-01C-12-0604-AVG Barium 6.25  
C03D-01C-24-0604-AVG Barium 7.0  
C03D-02C-06-0604 Barium 7.2  
C03D-02C-12-0604 Barium 6.2  
C03D-02C-24-0604 Barium 5.9  
C03D-03C-06-0604 Barium 6.2  
C03D-03C-12-0604 Barium 6.2  
C03D-03C-24-0604 Barium 6  

110 
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C03D-04C-06-0604 Barium 6.7  
C03D-04C-12-0604 Barium 6.3  
C03D-04C-24-0604 Barium 6.0  
C03D-05C-06-0604 Barium 34.6  
C03D-05C-12-0604 Barium 5.8  
C03D-05C-24-0604 Barium 8.7  
C03D-06C-06-0604 Barium 29.7  
C03D-06C-12-0604 Barium 22.4  
C03D-06C-24-0604 Barium 24.8  
C03D-07C-06-0604 Barium 8.4  
C03D-07C-12-0604 Barium 7.7  
C03D-07C-24-0604-AVG Barium 22.5  
C03D-08C-06-0604 Barium 6.7  
C03D-08C-12-0604 Barium 5.9  
C03D-08C-24-0604 Barium 28.2  
C03D-09C-06-0604 Barium 6.1  
C03D-09C-12-0604 Barium 5.6  
C03D-09C-24-0604 Barium 6.0  
C03D-10C-06-0604 Barium 9.7  
C03D-10C-12-0604 Barium 6.9  
C03D-10C-24-0604 Barium 6.8  
C03D-11C-06-0604 Barium 38.5  
C03D-11C-12-0604 Barium 6.2  
C03D-11C-24-0604 Barium 5.9  
C03D-12C-06-0604 Barium 5.9  
C03D-12C-12-0604 Barium 6.9  
C03D-12C-24-0604 Barium 28.9  
C03D-13C-06-0604 Barium 19.4  
C03D-13C-12-0604 Barium 7.5  
C03D-13C-24-0604 Barium 8.8  
C03D-14C-06-0604 Barium 6.3  
C03D-14C-12-0604 Barium 6.4  
C03D-14C-24-0604 Barium 6.1  
C03D-15C-06-0604 Barium 6.3  
C03D-15C-12-0604-AVG Barium 6.4  
C03D-15C-24-0604 Barium 9.3  
C03D-16C-06-0604 Barium 6.3  

110 
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C03D-16C-12-0604 Barium 6.2  
C03D-16C-24-0604 Barium 6.5  

110 

C03D-01C-06-0604-AVG Beryllium 0.06  
C03D-01C-12-0604-AVG Beryllium 0.04  
C03D-01C-24-0604-AVG Beryllium 0.05  
C03D-02C-06-0604 Beryllium 0.05  
C03D-02C-12-0604 Beryllium 0.06  
C03D-02C-24-0604 Beryllium 0.07  
C03D-03C-06-0604 Beryllium 0.06  
C03D-03C-12-0604 Beryllium 0.07  
C03D-03C-24-0604 Beryllium 0.1  
C03D-04C-06-0604 Beryllium 0.07  
C03D-04C-12-0604 Beryllium 0.07  
C03D-04C-24-0604 Beryllium 0.08  
C03D-08C-06-0604 Beryllium 0.1  
C03D-09C-06-0604 Beryllium 0.04  
C03D-12C-06-0604 Beryllium 0.09  
C03D-12C-12-0604 Beryllium 0.09  
C03D-14C-06-0604 Beryllium 0.08  
C03D-14C-12-0604 Beryllium 0.09  
C03D-14C-24-0604 Beryllium 0.08  
C03D-15C-06-0604 Beryllium 0.07  
C03D-15C-12-0604-AVG Beryllium 0.07  
C03D-16C-06-0604 Beryllium 0.07  
C03D-16C-12-0604 Beryllium 0.06  
C03D-16C-24-0604 Beryllium 0.04  

120 

C03D-01C-12-0604-AVG Cadmium 0.16  
C03D-01C-24-0604-AVG Cadmium 0.08  
C03D-05C-06-0604 Cadmium 0.83  
C03D-06C-06-0604 Cadmium 0.39  
C03D-06C-12-0604 Cadmium 0.68  
C03D-06C-24-0604 Cadmium 0.08  
C03D-07C-24-0604-AVG Cadmium 0.55  
C03D-11C-06-0604 Cadmium 0.92  
C03D-13C-06-0604 Cadmium 0.46  

75 

C03D-01C-06-0604-AVG Calcium 231500  
C03D-01C-12-0604-AVG Calcium 245500  

NA 
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C03D-01C-24-0604-AVG Calcium 229000  
C03D-02C-06-0604 Calcium 255000  
C03D-02C-12-0604 Calcium 239000  
C03D-02C-24-0604 Calcium 222000  
C03D-03C-06-0604 Calcium 228000  
C03D-03C-12-0604 Calcium 233000  
C03D-03C-24-0604 Calcium 218000  
C03D-04C-06-0604 Calcium 236000  
C03D-04C-12-0604 Calcium 242000  
C03D-04C-24-0604 Calcium 227000  
C03D-05C-06-0604 Calcium 385000  
C03D-05C-12-0604 Calcium 391000  
C03D-05C-24-0604 Calcium 383000  
C03D-06C-06-0604 Calcium 245000  
C03D-06C-12-0604 Calcium 264000  
C03D-06C-24-0604 Calcium 384000  
C03D-07C-06-0604 Calcium 255000  
C03D-07C-12-0604 Calcium 262000  
C03D-07C-24-0604-AVG Calcium 368000  
C03D-08C-06-0604 Calcium 238000  
C03D-08C-12-0604 Calcium 236000  
C03D-08C-24-0604 Calcium 259000  
C03D-09C-06-0604 Calcium 234000  
C03D-09C-12-0604 Calcium 230000  
C03D-09C-24-0604 Calcium 240000  
C03D-10C-06-0604 Calcium 393000  
C03D-10C-12-0604 Calcium 427000  
C03D-10C-24-0604 Calcium 411000  
C03D-11C-06-0604 Calcium 292000  
C03D-11C-12-0604 Calcium 241000  
C03D-11C-24-0604 Calcium 233000  
C03D-12C-06-0604 Calcium 230000  
C03D-12C-12-0604 Calcium 241000  
C03D-12C-24-0604 Calcium 385000  
C03D-13C-06-0604 Calcium 389000  
C03D-13C-12-0604 Calcium 397000  
C03D-13C-24-0604 Calcium 380000  

NA 
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C03D-14C-06-0604 Calcium 243000  
C03D-14C-12-0604 Calcium 236000  
C03D-14C-24-0604 Calcium 234000  
C03D-15C-06-0604 Calcium 249000  
C03D-15C-12-0604-AVG Calcium 266500  
C03D-15C-24-0604 Calcium 394000  
C03D-16C-06-0604 Calcium 231000  
C03D-16C-12-0604 Calcium 244000  
C03D-16C-24-0604 Calcium 265000  

NA 

C03D-01C-06-0604-AVG Chromium 5.6  
C03D-01C-12-0604-AVG Chromium 5.0  
C03D-01C-24-0604-AVG Chromium 5.1  
C03D-02C-06-0604 Chromium 5.1  
C03D-02C-12-0604 Chromium 5.0  
C03D-02C-24-0604 Chromium 4.8  
C03D-03C-06-0604 Chromium 4.6  
C03D-03C-12-0604 Chromium 5.3  
C03D-03C-24-0604 Chromium 5.8  
C03D-04C-06-0604 Chromium 4.6  
C03D-04C-12-0604 Chromium 4.7  
C03D-04C-24-0604 Chromium 4.8  
C03D-05C-06-0604 Chromium 4.9  
C03D-05C-12-0604 Chromium 1.5  
C03D-05C-24-0604 Chromium 1.6  
C03D-06C-06-0604 Chromium 23.2  
C03D-06C-12-0604 Chromium 11.7  
C03D-06C-24-0604 Chromium 3.7  
C03D-07C-06-0604 Chromium 5.6  
C03D-07C-12-0604 Chromium 5.5  
C03D-07C-24-0604-AVG Chromium 5.1  
C03D-08C-06-0604 Chromium 5.1  
C03D-08C-12-0604 Chromium 4.1  
C03D-08C-24-0604 Chromium 4.5  
C03D-09C-06-0604 Chromium 4.5  
C03D-09C-12-0604 Chromium 4.4  
C03D-09C-24-0604 Chromium 4.5  
C03D-10C-06-0604 Chromium 2.4  

NA 
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C03D-10C-12-0604 Chromium 2.0  
C03D-10C-24-0604 Chromium 1.8  
C03D-11C-06-0604 Chromium 24.5  
C03D-11C-12-0604 Chromium 4.9  
C03D-11C-24-0604 Chromium 4.4  
C03D-12C-06-0604 Chromium 4.8  
C03D-12C-12-0604 Chromium 4.9  
C03D-12C-24-0604 Chromium 3.1  
C03D-13C-06-0604 Chromium 4.6  
C03D-13C-12-0604 Chromium 1.7  
C03D-13C-24-0604 Chromium 1.5  
C03D-14C-06-0604 Chromium 4.6  
C03D-14C-12-0604 Chromium 4.5  
C03D-14C-24-0604 Chromium 4.9  
C03D-15C-06-0604 Chromium 4.4  
C03D-15C-12-0604-AVG Chromium 4.35  
C03D-15C-24-0604 Chromium 2.2  
C03D-16C-06-0604 Chromium 4.6  
C03D-16C-12-0604 Chromium 4.6  
C03D-16C-24-0604 Chromium 4.2  

NA 

C03D-01C-06-0604-AVG Cobalt 0.15  
C03D-01C-12-0604-AVG Cobalt 0.16  
C03D-01C-24-0604-AVG Cobalt 0.14  
C03D-02C-06-0604 Cobalt 0.14  
C03D-02C-12-0604 Cobalt 0.12  
C03D-02C-24-0604 Cobalt 0.10  
C03D-03C-06-0604 Cobalt 0.07  
C03D-03C-12-0604 Cobalt 0.20  
C03D-03C-24-0604 Cobalt 0.20  
C03D-04C-06-0604 Cobalt 0.15  
C03D-04C-12-0604 Cobalt 0.22  
C03D-04C-24-0604 Cobalt 0.14  
C03D-05C-06-0604 Cobalt 0.21  
C03D-06C-06-0604 Cobalt 0.35  
C03D-06C-12-0604 Cobalt 0.61  
C03D-07C-06-0604 Cobalt 0.10  
C03D-07C-12-0604 Cobalt 0.09  

4700 
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C03D-07C-24-0604-AVG Cobalt 0.18  
C03D-08C-06-0604 Cobalt 0.16  
C03D-08C-12-0604 Cobalt 0.09  
C03D-09C-06-0604 Cobalt 0.17  
C03D-09C-12-0604 Cobalt 0.13  
C03D-09C-24-0604 Cobalt 0.13  
C03D-11C-06-0604 Cobalt 0.29  
C03D-12C-06-0604 Cobalt 0.13  
C03D-12C-12-0604 Cobalt 0.13  
C03D-12C-24-0604 Cobalt 0.11  
C03D-13C-06-0604 Cobalt 0.10  
C03D-14C-06-0604 Cobalt 0.16  
C03D-14C-12-0604 Cobalt 0.15  
C03D-14C-24-0604 Cobalt 0.16  
C03D-15C-06-0604 Cobalt 0.14  
C03D-15C-12-0604-AVG Cobalt 0.14  
C03D-16C-06-0604 Cobalt 0.15  
C03D-16C-12-0604 Cobalt 0.16  
C03D-16C-24-0604 Cobalt 0.17  

4700 

C03D-01C-06-0604-AVG Copper 1.15  
C03D-01C-12-0604-AVG Copper 0.69  
C03D-01C-24-0604-AVG Copper 3.2  
C03D-02C-06-0604 Copper 3.0  
C03D-02C-12-0604 Copper 0.55  
C03D-02C-24-0604 Copper 0.98  
C03D-03C-06-0604 Copper 2.1  
C03D-03C-12-0604 Copper 0.64  
C03D-03C-24-0604 Copper 0.58  
C03D-04C-06-0604 Copper 1.7  
C03D-04C-12-0604 Copper 0.55  
C03D-04C-24-0604 Copper 0.48  
C03D-05C-06-0604 Copper 69.6  
C03D-05C-12-0604 Copper 0.98  
C03D-05C-24-0604 Copper 0.84  
C03D-06C-06-0604 Copper 25.4  
C03D-06C-12-0604 Copper 30.8  
C03D-06C-24-0604 Copper 20.6  
C03D-07C-06-0604 Copper 7.9  
C03D-07C-12-0604 Copper 5.2  

110 
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C03D-07C-24-0604-AVG Copper 55  
C03D-08C-06-0604 Copper 1.4  
C03D-08C-12-0604 Copper 0.49  
C03D-08C-24-0604 Copper 10.8  
C03D-09C-06-0604 Copper 0.79  
C03D-09C-12-0604 Copper 0.44  
C03D-09C-24-0604 Copper 0.46  
C03D-10C-06-0604 Copper 11.9  
C03D-10C-12-0604 Copper 1.5  
C03D-10C-24-0604 Copper 2.4  
C03D-11C-06-0604 Copper 99.1  
C03D-11C-12-0604 Copper 0.71  
C03D-11C-24-0604 Copper 0.44  
C03D-12C-06-0604 Copper 0.48  
C03D-12C-12-0604 Copper 1.1  
C03D-12C-24-0604 Copper 4.3  
C03D-13C-06-0604 Copper 23.6  
C03D-13C-12-0604 Copper 1.2  
C03D-13C-24-0604 Copper 0.49  
C03D-14C-06-0604 Copper 0.95  
C03D-14C-12-0604 Copper 0.71  
C03D-14C-24-0604 Copper 0.57  
C03D-15C-06-0604 Copper 0.75  
C03D-15C-12-0604-AVG Copper 0.54  
C03D-15C-24-0604 Copper 3.0  
C03D-16C-06-0604 Copper 1.3  
C03D-16C-12-0604 Copper 1.2  
C03D-16C-24-0604 Copper 2.2  

110 

C03D-01C-06-0604-AVG Iron 506.5  
C03D-01C-12-0604-AVG Iron 467  
C03D-01C-24-0604-AVG Iron 626  
C03D-02C-06-0604 Iron 530  
C03D-02C-12-0604 Iron 496  
C03D-02C-24-0604 Iron 439  
C03D-03C-06-0604 Iron 485  
C03D-03C-12-0604 Iron 516  
C03D-03C-24-0604 Iron 510  

23000 
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C03D-04C-06-0604 Iron 572  
C03D-04C-12-0604 Iron 536  
C03D-04C-24-0604 Iron 512  
C03D-05C-06-0604 Iron 2220  
C03D-05C-12-0604 Iron 77.6  
C03D-05C-24-0604 Iron 41.7  
C03D-06C-06-0604 Iron 4760  
C03D-06C-12-0604 Iron 6770  
C03D-06C-24-0604 Iron 1180  
C03D-07C-06-0604 Iron 757  
C03D-07C-12-0604 Iron 593  
C03D-07C-24-0604-AVG Iron 1210  
C03D-08C-06-0604 Iron 578  
C03D-08C-12-0604 Iron 440  
C03D-08C-24-0604 Iron 544  
C03D-09C-06-0604 Iron 465  
C03D-09C-12-0604 Iron 442  
C03D-09C-24-0604 Iron 423  
C03D-10C-06-0604 Iron 350  
C03D-10C-12-0604 Iron 216  
C03D-10C-24-0604 Iron 181  
C03D-11C-06-0604 Iron 2300  
C03D-11C-12-0604 Iron 510  
C03D-11C-24-0604 Iron 479  
C03D-12C-06-0604 Iron 505  
C03D-12C-12-0604 Iron 518  
C03D-12C-24-0604 Iron 267  
C03D-13C-06-0604 Iron 497  
C03D-13C-12-0604 Iron 46.0  
C03D-13C-24-0604 Iron 25.5  
C03D-14C-06-0604 Iron 628  
C03D-14C-12-0604 Iron 524  
C03D-14C-24-0604 Iron 511  
C03D-15C-06-0604 Iron 527  
C03D-15C-12-0604-AVG Iron 524  
C03D-15C-24-0604 Iron 177  
C03D-16C-06-0604 Iron 493  

23000 
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C03D-16C-12-0604 Iron 551  
C03D-16C-24-0604 Iron 498  

23000 

C03D-01C-06-0604-AVG Magnesium 1545  
C03D-01C-12-0604-AVG Magnesium 1550  
C03D-01C-24-0604-AVG Magnesium 1505  
C03D-02C-06-0604 Magnesium 1400  
C03D-02C-12-0604 Magnesium 1520  
C03D-02C-24-0604 Magnesium 1400  
C03D-03C-06-0604 Magnesium 1560  
C03D-03C-12-0604 Magnesium 1570  
C03D-03C-24-0604 Magnesium 1520  
C03D-04C-06-0604 Magnesium 1620  
C03D-04C-12-0604 Magnesium 1760  
C03D-04C-24-0604 Magnesium 1610  
C03D-05C-06-0604 Magnesium 1260  
C03D-05C-12-0604 Magnesium 985  
C03D-05C-24-0604 Magnesium 716  
C03D-06C-06-0604 Magnesium 1440  
C03D-06C-12-0604 Magnesium 1460  
C03D-06C-24-0604 Magnesium 5500  
C03D-07C-06-0604 Magnesium 1670  
C03D-07C-12-0604 Magnesium 1630  
C03D-07C-24-0604-AVG Magnesium 1360  
C03D-08C-06-0604 Magnesium 1650  
C03D-08C-12-0604 Magnesium 1520  
C03D-08C-24-0604 Magnesium 2590  
C03D-09C-06-0604 Magnesium 1530  
C03D-09C-12-0604 Magnesium 1440  
C03D-09C-24-0604 Magnesium 1460  
C03D-10C-06-0604 Magnesium 909  
C03D-10C-12-0604 Magnesium 1350  
C03D-10C-24-0604 Magnesium 1160  
C03D-11C-06-0604 Magnesium 2710  
C03D-11C-12-0604 Magnesium 1520  
C03D-11C-24-0604 Magnesium 1470  
C03D-12C-06-0604 Magnesium 1590  
C03D-12C-12-0604 Magnesium 1860  

NA 
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C03D-12C-24-0604 Magnesium 1170  
C03D-13C-06-0604 Magnesium 1000  
C03D-13C-12-0604 Magnesium 884  
C03D-13C-24-0604 Magnesium 547  
C03D-14C-06-0604 Magnesium 1710  
C03D-14C-12-0604 Magnesium 1640  
C03D-14C-24-0604 Magnesium 1630  
C03D-15C-06-0604 Magnesium 1850  
C03D-15C-12-0604-AVG Magnesium 1935  
C03D-15C-24-0604 Magnesium 1660  
C03D-16C-06-0604 Magnesium 1600  
C03D-16C-12-0604 Magnesium 1710  
C03D-16C-24-0604 Magnesium 1900  

NA 

C03D-01C-06-0604-AVG Manganese 22.05  
C03D-01C-12-0604-AVG Manganese 21.1  
C03D-01C-24-0604-AVG Manganese 21.85  
C03D-02C-06-0604 Manganese 19.5  
C03D-02C-12-0604 Manganese 21.5  
C03D-02C-24-0604 Manganese 19.8  
C03D-03C-06-0604 Manganese 21.6  
C03D-03C-12-0604 Manganese 21.0  
C03D-03C-24-0604 Manganese 20.9  
C03D-04C-06-0604 Manganese 22.1  
C03D-04C-12-0604 Manganese 23.2  
C03D-04C-24-0604 Manganese 21.8  
C03D-05C-06-0604 Manganese 28.2  
C03D-05C-12-0604 Manganese 3.2  
C03D-05C-24-0604 Manganese 1.6  
C03D-06C-06-0604 Manganese 36.9  
C03D-06C-12-0604 Manganese 78.1  
C03D-06C-24-0604 Manganese 16.8  
C03D-07C-06-0604 Manganese 23.3  
C03D-07C-12-0604 Manganese 23.0  
C03D-07C-24-0604-AVG Manganese 16.9  
C03D-08C-06-0604 Manganese 22.5  
C03D-08C-12-0604 Manganese 21.1  
C03D-08C-24-0604 Manganese 19.2  

1600 
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C03D-09C-06-0604 Manganese 21.3  
C03D-09C-12-0604 Manganese 20.1  
C03D-09C-24-0604 Manganese 19.6  
C03D-10C-06-0604 Manganese 5.5  
C03D-10C-12-0604 Manganese 7.4  
C03D-10C-24-0604 Manganese 5.1  
C03D-11C-06-0604 Manganese 29.0  
C03D-11C-12-0604 Manganese 21.3  
C03D-11C-24-0604 Manganese 20.3  
C03D-12C-06-0604 Manganese 21.6  
C03D-12C-12-0604 Manganese 21.7  
C03D-12C-24-0604 Manganese 15.5  
C03D-13C-06-0604 Manganese 10.3  
C03D-13C-12-0604 Manganese 1.5  
C03D-13C-24-0604 Manganese 0.84  
C03D-14C-06-0604 Manganese 23.4  
C03D-14C-12-0604 Manganese 22.7  
C03D-14C-24-0604 Manganese 22.2  
C03D-15C-06-0604 Manganese 24.2  
C03D-15C-12-0604-AVG Manganese 25.2  
C03D-15C-24-0604 Manganese 3.1  
C03D-16C-06-0604 Manganese 22.1  
C03D-16C-12-0604 Manganese 23.5  
C03D-16C-24-0604 Manganese 25.1  

1600 

C03D-01C-06-0604-AVG Mercury 0.01195  
C03D-01C-12-0604-AVG Mercury 0.01085  
C03D-01C-24-0604-AVG Mercury 0.0115  
C03D-02C-06-0604 Mercury 0.039  
C03D-02C-12-0604 Mercury 0.0084  
C03D-02C-24-0604 Mercury 0.015  
C03D-03C-06-0604 Mercury 0.0097  
C03D-03C-12-0604 Mercury 0.0062  
C03D-04C-06-0604 Mercury 0.0041  
C03D-04C-24-0604 Mercury 0.0031  
C03D-05C-06-0604 Mercury 0.1  
C03D-05C-12-0604 Mercury 0.011  
C03D-05C-24-0604 Mercury 0.0093  

3.4 
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C03D-06C-06-0604 Mercury 0.034  
C03D-06C-12-0604 Mercury 0.043  
C03D-06C-24-0604 Mercury 0.29  
C03D-07C-06-0604 Mercury 0.19  
C03D-07C-12-0604 Mercury 0.062  
C03D-07C-24-0604-AVG Mercury 0.12  
C03D-08C-06-0604 Mercury 0.0061  
C03D-08C-12-0604 Mercury 0.0059  
C03D-08C-24-0604 Mercury 0.046  
C03D-09C-06-0604 Mercury 0.007  
C03D-09C-12-0604 Mercury 0.0084  

C03D-09C-24-0604 Mercury 0.0059  
C03D-10C-06-0604 Mercury 0.023  
C03D-10C-12-0604 Mercury 0.025  
C03D-10C-24-0604 Mercury 0.014  
C03D-11C-06-0604 Mercury 0.12  
C03D-12C-12-0604 Mercury 0.0048  
C03D-12C-24-0604 Mercury 0.04  
C03D-13C-06-0604 Mercury 0.033  
C03D-13C-12-0604 Mercury 0.0095  
C03D-14C-06-0604 Mercury 0.0038  
C03D-14C-12-0604 Mercury 0.012  
C03D-14C-24-0604 Mercury 0.0037  
C03D-15C-06-0604 Mercury 0.0038  
C03D-15C-12-0604-AVG Mercury 0.0024  
C03D-15C-24-0604 Mercury 0.054  
C03D-16C-06-0604 Mercury 0.0048  
C03D-16C-12-0604 Mercury 0.0026  
C03D-16C-24-0604 Mercury 0.0019  

3.4 

C03D-01C-06-0604-AVG Nickel 1.445  
C03D-01C-12-0604-AVG Nickel 0.865  
C03D-01C-24-0604-AVG Nickel 1.02  
C03D-02C-06-0604 Nickel 0.86  
C03D-02C-12-0604 Nickel 0.9  
C03D-02C-24-0604 Nickel 0.9  
C03D-03C-06-0604 Nickel 0.91  
C03D-03C-12-0604 Nickel 0.92  
C03D-03C-24-0604 Nickel 0.96  

110 
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C03D-04C-06-0604 Nickel 0.92  
C03D-04C-12-0604 Nickel 1  
C03D-04C-24-0604 Nickel 0.87  
C03D-05C-06-0604 Nickel 2.4  
C03D-05C-12-0604 Nickel 0.41  
C03D-05C-24-0604 Nickel 0.37  
C03D-06C-06-0604 Nickel 2.6  
C03D-06C-12-0604 Nickel 4.5  
C03D-06C-24-0604 Nickel 1.2  
C03D-07C-06-0604 Nickel 1.1  
C03D-07C-12-0604 Nickel 1.1  
C03D-07C-24-0604-AVG Nickel 2.3  
C03D-08C-06-0604 Nickel 1  
C03D-08C-12-0604 Nickel 0.76  
C03D-08C-24-0604 Nickel 1.1  
C03D-09C-06-0604 Nickel 0.87  
C03D-09C-12-0604 Nickel 0.8  
C03D-09C-24-0604 Nickel 0.78  
C03D-10C-06-0604 Nickel 0.71  
C03D-10C-12-0604 Nickel 0.58  
C03D-10C-24-0604 Nickel 0.58  
C03D-11C-06-0604 Nickel 4.7  
C03D-11C-12-0604 Nickel 0.92  
C03D-11C-24-0604 Nickel 0.87  
C03D-12C-06-0604 Nickel 0.84  
C03D-12C-12-0604 Nickel 0.92  
C03D-12C-24-0604 Nickel 0.55  
C03D-13C-06-0604 Nickel 1.3  
C03D-13C-12-0604 Nickel 0.58  
C03D-13C-24-0604 Nickel 0.4  
C03D-14C-06-0604 Nickel 1  
C03D-14C-12-0604 Nickel 0.95  
C03D-14C-24-0604 Nickel 0.87  
C03D-15C-06-0604 Nickel 0.89  
C03D-15C-12-0604-AVG Nickel 0.89  
C03D-15C-24-0604 Nickel 0.52  
C03D-16C-06-0604 Nickel 0.85  
C03D-16C-12-0604 Nickel 0.88  

110 
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C03D-16C-24-0604 Nickel 0.87  110 
C03D-01C-06-0604-AVG Potassium 116  
C03D-01C-12-0604-AVG Potassium 103  
C03D-01C-24-0604-AVG Potassium 110.5  
C03D-02C-06-0604 Potassium 105  
C03D-02C-12-0604 Potassium 118  
C03D-02C-24-0604 Potassium 106  
C03D-03C-06-0604 Potassium 114  
C03D-03C-12-0604 Potassium 110  
C03D-03C-24-0604 Potassium 119  
C03D-04C-06-0604 Potassium 107  
C03D-04C-12-0604 Potassium 114  
C03D-04C-24-0604 Potassium 113  
C03D-05C-06-0604 Potassium 47.9  
C03D-05C-12-0604 Potassium 24.5  
C03D-05C-24-0604 Potassium 33.1  
C03D-06C-06-0604 Potassium 91  
C03D-06C-12-0604 Potassium 98  
C03D-06C-24-0604 Potassium 92.2  
C03D-07C-06-0604 Potassium 135  
C03D-07C-12-0604 Potassium 136  
C03D-07C-24-0604-AVG Potassium 56  
C03D-08C-06-0604 Potassium 121  
C03D-08C-12-0604 Potassium 95.2  
C03D-08C-24-0604 Potassium 82.3  
C03D-09C-06-0604 Potassium 106  
C03D-09C-12-0604 Potassium 95.5  
C03D-09C-24-0604 Potassium 94.6  
C03D-10C-06-0604 Potassium 51.8  
C03D-10C-12-0604 Potassium 29.2  
C03D-10C-24-0604 Potassium 31.7  
C03D-11C-06-0604 Potassium 98  
C03D-11C-12-0604 Potassium 115  
C03D-11C-24-0604 Potassium 105  
C03D-12C-06-0604 Potassium 111  
C03D-12C-12-0604 Potassium 114  
C03D-12C-24-0604 Potassium 53.5  

NA 
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C03D-13C-06-0604 Potassium 50.9  
C03D-13C-12-0604 Potassium 32.9  
C03D-13C-24-0604 Potassium 38.6  
C03D-14C-06-0604 Potassium 102  
C03D-14C-12-0604 Potassium 108  
C03D-14C-24-0604 Potassium 102  
C03D-15C-06-0604 Potassium 109  
C03D-15C-12-0604-AVG Potassium 107.5  
C03D-15C-24-0604 Potassium 39.7  
C03D-16C-06-0604 Potassium 103  
C03D-16C-12-0604 Potassium 112  
C03D-16C-24-0604 Potassium 102  

NA 

C03D-06C-06-0604 Silver 0.59  
C03D-06C-12-0604 Silver 0.22  
C03D-11C-06-0604 Silver 0.097  

390 

C03D-01C-06-0604-AVG Sodium 260  
C03D-01C-12-0604-AVG Sodium 275.5  
C03D-01C-24-0604-AVG Sodium 266.5  
C03D-02C-06-0604 Sodium 315  
C03D-02C-12-0604 Sodium 255  
C03D-02C-24-0604 Sodium 280  
C03D-03C-06-0604 Sodium 231  
C03D-03C-12-0604 Sodium 243  
C03D-03C-24-0604 Sodium 255  
C03D-04C-06-0604 Sodium 217  
C03D-04C-12-0604 Sodium 222  
C03D-04C-24-0604 Sodium 211  
C03D-05C-06-0604 Sodium 1280  
C03D-05C-12-0604 Sodium 985  
C03D-05C-24-0604 Sodium 1350  
C03D-06C-06-0604 Sodium 408  
C03D-06C-12-0604 Sodium 363  
C03D-06C-24-0604 Sodium 2010  
C03D-07C-06-0604 Sodium 314  

NA 
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C03D-07C-12-0604 Sodium 312  
C03D-07C-24-0604-AVG Sodium 1130  
C03D-08C-06-0604 Sodium 232  
C03D-08C-12-0604 Sodium 203  
C03D-08C-24-0604 Sodium 670  
C03D-09C-06-0604 Sodium 246  
C03D-09C-12-0604 Sodium 217  
C03D-09C-24-0604 Sodium 282  
C03D-10C-06-0604 Sodium 1180  
C03D-10C-12-0604 Sodium 1030  
C03D-10C-24-0604 Sodium 824  
C03D-11C-06-0604 Sodium 938  
C03D-11C-12-0604 Sodium 235  
C03D-11C-24-0604 Sodium 208  
C03D-12C-06-0604 Sodium 216  
C03D-12C-12-0604 Sodium 352  
C03D-12C-24-0604 Sodium 1520  
C03D-13C-06-0604 Sodium 1450  
C03D-13C-12-0604 Sodium 1370  
C03D-13C-24-0604 Sodium 1700  
C03D-14C-06-0604 Sodium 218  
C03D-14C-12-0604 Sodium 226  
C03D-14C-24-0604 Sodium 213  
C03D-15C-06-0604 Sodium 198  
C03D-15C-12-0604-AVG Sodium 194  
C03D-15C-24-0604 Sodium 1580  
C03D-16C-06-0604 Sodium 212  
C03D-16C-12-0604 Sodium 195  
C03D-16C-24-0604 Sodium 189  

NA 

C03D-05C-06-0604 Tin 5.9  
C03D-05C-12-0604 Tin 4.4  
C03D-05C-24-0604 Tin 4.3  
C03D-06C-06-0604 Tin 5.8  
C03D-06C-12-0604 Tin 5.3  
C03D-06C-24-0604 Tin 7.4  
C03D-07C-06-0604 Tin 3  

44000 
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C03D-07C-12-0604 Tin 3  
C03D-07C-24-0604-AVG Tin 5.3  
C03D-08C-12-0604 Tin 3.4  
C03D-08C-24-0604 Tin 3.9  
C03D-10C-06-0604 Tin 4.3  
C03D-10C-12-0604 Tin 4.4  
C03D-10C-24-0604 Tin 4.7  
C03D-11C-06-0604 Tin 6.3  
C03D-11C-12-0604 Tin 2.8  
C03D-12C-24-0604 Tin 4.6  
C03D-13C-06-0604 Tin 5.1  
C03D-13C-12-0604 Tin 4.9  
C03D-13C-24-0604 Tin 4.3  
C03D-14C-06-0604 Tin 3.2  
C03D-15C-06-0604 Tin 3.1  
C03D-15C-12-0604-AVG Tin 3.25  
C03D-15C-24-0604 Tin 5.1  
C03D-16C-24-0604 Tin 3.4  

44000 

C03D-01C-06-0604-AVG Vanadium 4.95  
C03D-01C-12-0604-AVG Vanadium 4.55  
C03D-01C-24-0604-AVG Vanadium 4.9  
C03D-02C-06-0604 Vanadium 4.8  
C03D-02C-12-0604 Vanadium 5.3  
C03D-02C-24-0604 Vanadium 4.8  
C03D-03C-06-0604 Vanadium 4.9  
C03D-03C-12-0604 Vanadium 5.2  
C03D-03C-24-0604 Vanadium 5.4  
C03D-04C-06-0604 Vanadium 4.8  
C03D-04C-12-0604 Vanadium 5.2  
C03D-04C-24-0604 Vanadium 5.2  
C03D-05C-06-0604 Vanadium 2.7  
C03D-05C-12-0604 Vanadium 0.93  
C03D-05C-24-0604 Vanadium 1.3  
C03D-06C-06-0604 Vanadium 4.9  
C03D-06C-12-0604 Vanadium 5.5  

15 
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C03D-06C-24-0604 Vanadium 3.7  
C03D-07C-06-0604 Vanadium 5.1  
C03D-07C-12-0604 Vanadium 5.4  
C03D-07C-24-0604-AVG Vanadium 2.4  
C03D-08C-06-0604 Vanadium 5.2  
C03D-08C-12-0604 Vanadium 4.5  
C03D-08C-24-0604 Vanadium 3.8  
C03D-09C-06-0604 Vanadium 4.8  
C03D-09C-12-0604 Vanadium 4.6  
C03D-09C-24-0604 Vanadium 4.5  
C03D-10C-06-0604 Vanadium 1.5  
C03D-10C-12-0604 Vanadium 1.7  
C03D-10C-24-0604 Vanadium 1.4  
C03D-11C-06-0604 Vanadium 4.7  
C03D-11C-12-0604 Vanadium 5.2  
C03D-11C-24-0604 Vanadium 4.8  
C03D-12C-06-0604 Vanadium 5.2  
C03D-12C-12-0604 Vanadium 5.3  
C03D-12C-24-0604 Vanadium 1  
C03D-13C-06-0604 Vanadium 1.8  
C03D-13C-12-0604 Vanadium 1.5  
C03D-13C-24-0604 Vanadium 1.2  
C03D-14C-06-0604 Vanadium 5  
C03D-14C-12-0604 Vanadium 5.1  
C03D-14C-24-0604 Vanadium 5.1  
C03D-15C-06-0604 Vanadium 5  
C03D-15C-12-0604-AVG Vanadium 5  
C03D-15C-24-0604 Vanadium 1.1  
C03D-16C-06-0604 Vanadium 4.6  
C03D-16C-12-0604 Vanadium 4.8  
C03D-16C-24-0604 Vanadium 4.7  

15 

C03D-01C-06-0604-AVG Zinc 2.25  
C03D-01C-12-0604-AVG Zinc 1.03  
C03D-01C-24-0604-AVG Zinc 13.15 J 
C03D-02C-06-0604 Zinc 7.3  

23000 
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C03D-02C-12-0604 Zinc 0.74  
C03D-02C-24-0604 Zinc 1.4  
C03D-03C-06-0604 Zinc 1.4  
C03D-03C-12-0604 Zinc 1.1  
C03D-03C-24-0604 Zinc 0.78  
C03D-04C-06-0604 Zinc 5  
C03D-04C-12-0604 Zinc 0.79  
C03D-04C-24-0604 Zinc 0.67  
C03D-05C-06-0604 Zinc 166  
C03D-05C-12-0604 Zinc 2.1  
C03D-05C-24-0604 Zinc 0.98  
C03D-06C-06-0604 Zinc 57.9  
C03D-06C-12-0604 Zinc 71.1  
C03D-06C-24-0604 Zinc 54  
C03D-07C-06-0604 Zinc 14.7  
C03D-07C-12-0604 Zinc 12.1  
C03D-07C-24-0604-AVG Zinc 194  
C03D-08C-06-0604 Zinc 5.1  
C03D-08C-12-0604 Zinc 0.82  
C03D-08C-24-0604 Zinc 49.9  
C03D-09C-06-0604 Zinc 1.4  
C03D-09C-12-0604 Zinc 0.66  
C03D-09C-24-0604 Zinc 0.77  
C03D-10C-06-0604 Zinc 10.8  
C03D-10C-12-0604 Zinc 2.8  
C03D-10C-24-0604 Zinc 3.1  
C03D-11C-06-0604 Zinc 176  
C03D-11C-12-0604 Zinc 1.7  
C03D-11C-24-0604 Zinc 0.63  
C03D-12C-06-0604 Zinc 0.83  
C03D-12C-12-0604 Zinc 2.5  
C03D-12C-24-0604 Zinc 10.1  
C03D-13C-06-0604 Zinc 75.7  
C03D-13C-12-0604 Zinc 3  
C03D-13C-24-0604 Zinc 0.42  

23000 
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C03D-14C-06-0604 Zinc 2.7  
C03D-14C-12-0604 Zinc 1.6  
C03D-14C-24-0604 Zinc 0.99  
C03D-15C-06-0604 Zinc 1.7  
C03D-15C-12-0604-AVG Zinc 0.69  
C03D-15C-24-0604 Zinc 7.2  
C03D-16C-06-0604 Zinc 4.5  
C03D-16C-12-0604 Zinc 3.1  
C03D-16C-24-0604 Zinc 5.9  

23000 

Shading indicates a concentration in excess of the selected screening value. 
The notation “-AVG” indicates that duplicate samples were collected and the results were averaged. 
J – The associated value is an estimated quantity. 
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C03D-01C-12-0604-AVG Benzo(a)anthracene 27.35 J 
C03D-07C-06-0604 Benzo(a)anthracene 48.9 J 
C03D-10C-06-0604 Benzo(a)anthracene 108 J 
C03D-10C-12-0604 Benzo(a)anthracene 56.1 J 
C03D-11C-06-0604 Benzo(a)anthracene 79.8 J 
C03D-13C-24-0604 Benzo(a)anthracene 60.3 J 

1400 

C03D-07C-06-0604 Benzo(a)pyrene 65.7 J 
C03D-10C-06-0604 Benzo(a)pyrene 97.0 J 
C03D-10C-12-0604 Benzo(a)pyrene 166 J 
C03D-11C-06-0604 Benzo(a)pyrene 87.0 J 
C03D-13C-24-0604 Benzo(a)pyrene 43.7 J 

100 

C03D-07C-06-0604 Benzo(b)fluoranthene 81.9 J 
C03D-10C-06-0604 Benzo(b)fluoranthene 134 J 
C03D-10C-12-0604 Benzo(b)fluoranthene 322  
C03D-11C-06-0604 Benzo(b)fluoranthene 109 J 
C03D-13C-06-0604 Benzo(b)fluoranthene 37.3 J 
C03D-13C-24-0604 Benzo(b)fluoranthene 43.5 J 

1400 

C03D-10C-12-0604 Benzo(g,h,i)perylene 177  
C03D-11C-06-0604 Benzo(g,h,i)perylene 76.3 J 
C03D-13C-06-0604 Benzo(g,h,i)perylene 88.5 J 

2300000 

C03D-07C-06-0604 Benzo(k)fluoranthene 70.5 J 
C03D-10C-06-0604 Benzo(k)fluoranthene 87.8 J 
C03D-10C-12-0604 Benzo(k)fluoranthene 205  
C03D-11C-06-0604 Benzo(k)fluoranthene 89.8 J 

15000 

C03D-01C-12-0604-AVG Chrysene 27.1 J 
C03D-07C-06-0604 Chrysene 80.9 J 
C03D-10C-06-0604 Chrysene 140 J 
C03D-10C-12-0604 Chrysene 116 J 
C03D-11C-06-0604 Chrysene 115 J 
C03D-13C-24-0604 Chrysene 66.3 J 

140000 

C03D-01C-12-0604-AVG Fluoranthene 46.25 J 
C03D-07C-06-0604 Fluoranthene 107 J 
C03D-10C-06-0604 Fluoranthene 215  
C03D-11C-06-0604 Fluoranthene 155 J 
C03D-13C-24-0604 Fluoranthene 99.7 J 

2900000 

C03D-10C-06-0604 Indeno(1,2,3-cd)pyrene 71.5 J 
C03D-10C-12-0604 Indeno(1,2,3-cd)pyrene 164 J 
C03D-11C-06-0604 Indeno(1,2,3-cd)pyrene 71.7 J 

1500 
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TABLE 2-8 
 

SVOCS DETECTED BY FIXED-BASED LABORATORY  
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 2 OF 2 
 

Sample ID Parameter 
Result  
(ppb) Qualifier 

Action 
Level 
(ppb) 

C03D-01C-12-0604-AVG Phenanthrene 37.15 J 
C03D-10C-06-0604 Phenanthrene 51.6 J 
C03D-13C-24-0604 Phenanthrene 96.9 J 

2000000 

C03D-01C-12-0604-AVG Pyrene 53.55 J 
C03D-07C-06-0604 Pyrene 95.0 J 
C03D-10C-06-0604 Pyrene 179 J 
C03D-11C-06-0604 Pyrene 139 J 
C03D-13C-24-0604 Pyrene 107 J 

2200000 

Shading indicates a concentration in excess of the selected screening value. 
The notation “-AVG” indicates that duplicate samples were collected and the results were averaged. 
J – The associated value is an estimated quantity. 
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3.0 REMOVAL ACTION WORK PLAN 

3.1 INTRODUCTION 

Results from the delineation sampling determined that chemical contaminants (e.g., lead and PCBs) 

within the soil at the Former Water Tower Site needed to be addressed via excavation of the 

contaminated soils with off-site disposal.  The EE/CA supporting the selection of excavation and disposal 

as the remedial action alternative for the Former Water Tower Site is provided in chapter 4.  The purpose 

of this chapter is to present procedures for performing field work for the expedited removal action at the 

Former Water Tower Site.  

The Work Plan is based on available NAS Key West background information and findings from the 

Decision Document for Ten Base Realignment and Closure (BRAC) Sites (TtNUS, 2002b); data collected 

under the Work Plan for Delineation and Confirmation Sampling to Support the Expedited Removal Action 

at the Truman Annex Water Tower Site (TtNUS, 2004). 

During the execution of the expedited removal action, modifications to the scope of work or sample 

collection procedures may be required to satisfy program objectives.  In the event that factors or 

conditions are revealed that require a modification of the Work Plan, technical memoranda will be used to 

document the modification.  The modification would be enacted upon gaining consensus between 

reviewers from the lead regulatory agency (FDEP), the lead agency (U.S. Navy), and the contractors 

responsible for preparing the Work Plan - TtNUS and the Environmental Multiple Award Contractor 

(EMAC). 

3.2 SCOPE OF WORK 

The Former Water Tower Site at NAS Key West is a 170 feet by 172 feet area located at Truman Annex 

(Figure 1-2).  During the delineation sampling effort in June 2004, a grid was established at the site to 

identify areas with contamination concentrations that exceed FDEP soil cleanup target levels (Figure 2-1) 

as identified in 62-777 FAC.  Five Grid cells where sample results indicate that the concentration of one 

or more contaminants exceed residential action levels will be excavated (Figure 2-3).  Estimated limits of 

excavation are indicated on Figure 2-4.  The excavated material from grid cell 5 will be disposed of as 

nonhazardous lead-contaminated waste.  The excavated material from grid cells, 6, 7, 10, and 11 will be 

disposed of as non-TSCA (Toxic Substances Control Act) PCB-contaminated waste. 

Confirmation sampling will be conducted to confirm that no further removal of contaminated soil is 

required following the expedited removal action at the Former Water Tower Site.  Surveys will be 
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performed to document the extent of the excavation and the locations of the confirmation samples.  The 

excavated area will be backfilled. 

3.3 MOBILIZATION 

Once notice to proceed has been given by the Navy, TtNUS and the EMAC will mobilize a work force, 

support equipment, material, and subcontractors necessary to complete the work. 

3.3.1 Preconstruction Meeting 

Before the field work begins, a preconstruction meeting will be held with the Resident Officer in Charge of 

Construction.  This meeting will discuss execution of the work, site access, staging areas, transportation 

haul routes, and contact personnel for fire, environmental, safety and health, security, and waste 

management. 

3.4 REMEDIAL ACTIVITIES 

3.4.1 Earthwork Construction 

Prior to beginning excavation, the designated areas will be checked for existing utilities and other 

potential interferences.  The EMAC will obtain any necessary authorizations from NAS Key West and the 

local utility companies.  The EMAC will also perform a walkdown of the areas to be excavated to visually 

observe locations of manholes, hydrants, valves, open cuts, overhead obstructions, curbs, buildings, and 

other unusual conditions.  In addition, the EMAC will perform utility location surveys using standard field 

utility detection equipment.  No excavation will be initiated until the utility location survey is complete.  As 

part of the delineation sampling effort, TtNUS performed a geophysical survey to help identify subsurface 

utilities and structures in the excavation area.  To assist the EMAC in locating subsurface utilities, the 

results of this survey are provided in Figure 2-2.   

3.4.1.1 Limits of Excavation 

Estimated limits of excavation are indicated on Figure 2-4.  The EMAC will excavate a sufficient amount 

of soil to ensure that the soil remaining in place does not contain contaminants at concentrations greater 

than the soil cleanup target levels.  The need for additional excavation will be determined in the field 

based on analytical results of confirmation samples collected by TtNUS.  If additional excavation of a 

sidewall is needed, the EMAC will remove an additional 10 feet of soil from the affected wall to the depth 

indicated on Figure 2-4 and TtNUS will collect additional confirmation samples from the over-excavated 



Rev. 0 
07/19/04 

AIK-04-0159 3-3 CTO 0349 

wall.  If additional excavation of a floor is needed, the EMAC will remove an additional six inches of soil 

will from the floor of the affected grid cell and TtNUS will collect an additional confirmation sample from 

the floor of the grid cell. 

Once all material has been excavated and the extent of contaminated material requiring removal has 

been confirmed by an offsite laboratory, a registered land surveyor shall provide the necessary survey 

information (coordinates, elevations, etc.) to prepare as-built drawings of the excavation. 

3.4.1.2 Method of Excavation 

All excavation will be by backhoe and/or excavator where practical.  In areas where interferences are 

present and preclude the use of mechanized equipment, excavation will be by hand.  All interferences 

such as utilities will be properly maintained while the excavation is in progress and remain protected until 

the excavation is backfilled.  All necessary precautions will be made to assure that active utilities are not 

damaged and service is not interrupted. 

3.4.2 Contaminated Material Transport and Storage 

As contaminated soil is excavated, the material will be temporarily stockpiled onsite, on a protective 

polyethylene film or ground cloth, or loaded into containers for temporary storage.  Due to the different 

types of contamination present at the site, soil removed from grid cell 5 will be segregated from the soil 

removed from grid cells 6, 7, 10, and 11.   

Contaminated materials transported from NAS Key West will be packaged, labeled, marked and 

transported offsite in accordance with Department of Transportation regulations, Sections 100-177.  In 

addition, all treatment, storage, and disposal facility (TSDF) waste acceptance criteria will be adhered to, 

and the applicable manifests will be completed by the EMAC for signature by the Navy. 

Efforts will be made to keep contaminated soil from tracking off the site by visually inspecting disposal 

trucks and cleaning debris from tires if necessary.  

3.4.3 Backfill 

Backfilling of excavated areas will be performed after reviewing the results of the confirmation sampling.  

TtNUS will collect the samples and have the analysis performed on a 48-hour turnaround time.  In the 

interim, the area of excavation remaining open will be protected using temporary fencing to avoid 

intrusion until the areas are backfilled.  Backfill material will be from approved offsite borrow areas.  All 
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material placed within the excavations will be field compacted with the track of earth moving equipment or 

roller compactors to a minimum of 85 percent compaction or no less than four passes of the earth moving 

equipment.  Material shall be compacted in maximum lifts of approximately one foot. 

Prior to backfilling, if groundwater is encountered, an appropriate amount of crushed stone may be 

provided as a bottom layer in order to stabilize saturated material resulting from groundwater intrusion 

within the open excavation.  Standing water in the excavation will not be removed prior to backfilling.  If 

required, this layer of crushed stone will provide the means to achieve the desired compaction.  

Backfilling with a layer of gravel will be at the discretion of the EMAC. 

3.4.4 Waste Management 

There are several waste management activities that are anticipated during his remedial action, including 

disposal of: 

• Excavated soils 

• Construction debris 

• Decontamination water 

• Nonhazardous waste 

• Personal protective equipment and other incidentally contaminated materials. 

3.4.4.1 Waste Minimization 

Construction activities at the site will be controlled to minimize the amount of waste materials that must 

eventually be disposed.  Waste minimization is an important goal and will be implemented during all site 

operations.  These practices include: 

• Limiting extraneous materials taken into work areas 

• Cleaning equipment used to support onsite activities 

• Use of consumable items that can be compacted or otherwise volume reduced. 

3.4.4.2 Decontamination Water 

Decontamination water will be containerized and sampled by the EMAC.  The EMAC will transport 

contaminated water to a TSDF for treatment and disposal in accordance with applicable state and federal 

regulations. 
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3.4.4.3 Nonhazardous Solid Waste Disposal 

Any nonhazardous solid waste that is generated as a result of the work in the Work Plan will be properly 

disposed offsite at a municipal or industrial landfill. 

3.5 CONFIRMATION SAMPLING PLAN 

3.5.1 Sampling Objectives 

Delineation sampling conducted at NAS Key West determined that chemical contaminants (e.g., lead and 

PCBs) within the soil at the Former Water Tower Site need to be addressed via excavation of the 

contaminated soils with off-site disposal.  The purpose of this confirmation sampling plan is to present 

procedures to obtain sufficient data to confirm that no further removal of contaminated soil is required 

following the expedited removal action at the Former Water Tower Site.  The excavation areas are shown 

on Figure 2-4.  Confirmation sampling will be performed at each excavation and the analytical data will be 

used to determine attainment of the appropriate FDEP closure standards. 

3.5.2 Data Quality Objectives 

Data quality objectives and the data quality objective process are documented in the SSI Work Plan for 

BRAC Parcels at Truman Annex (TtNUS, 1999a). 

3.5.3 Confirmation Sampling 

Confirmation sampling of the excavation sidewalls and bottom will be conducted.  Excavated and 

stockpiled soils will be evaluated by the EMAC to determine their suitability for a disposal facility.   

Confirmation sampling will be performed only after the excavation is completed and before site restoration 

begins.  Soil sampling operations will be conducted in accordance with FDEP SOPs (FDEP, 2002).  A 

dedicated polyethylene or stainless-steel trowel will be used to collect the grab samples from the 

sidewalls and floor of the excavations.  One disposable sampler will be used per sample location.  If non-

disposable sampling equipment is used (such as a stainless-steel trowel) to aid the confirmation 

sampling, the equipment will be decontaminated between each sample location.  All pertinent field data 

will be recorded on a sample log sheet and in the field logbook.  The field staff will also provide detailed 

documentation of sampling activities, including field notes and photographs, for future reference by the 

Navy. 
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The excavated area in grid cell 5 will require a minimum of five representative soil samples.  Four 

samples will be collected from the excavation sidewalls and one sample will be collected from the center 

of the excavation floor.  The sidewall samples will be grab samples obtained from the center of the each 

side of the excavation.  The one floor grab sample will be collected from the center of the floor of the 

excavation in the 0 to 6 inch interval below the bottom of the excavation. 

The excavated area in grid cells 6, 7, 10, and 11 will require a minimum of 28 representative soil samples.  

Three samples will be collected from the center of each excavation sidewall of each of the four grid cells 

and one sample will be collected from the center of the excavation floor of each grid cell.  The sidewall 

samples will be grab samples obtained from the sides of the excavation.  Sidewall samples will be 

collected from three intervals: 0 to 6 inches, 6 to 12 inches, and 12 to 24 inches.  The one floor grab 

sample will be collected from the center of the floor of the excavation in the 0 to 6 inch interval below the 

bottom of the excavation. 

The confirmatory soil samples from grid cell 5 will be analyzed at a fixed-base laboratory for TAL metals.  

The samples taken from grid cells 6, 7, 10, and 11 will be analyzed at a fixed-base laboratory for TCL 

PCBs as well as TAL metals.  Samples taken from grid cells 6, 7, 10, and 11 will also be analyzed in the 

field for PCBs using immunoassay to provide immediate results for field decisions.  Based on the PCB 

results of the delineation sampling activity, immunoassay will use Aroclor 1260 as the kit standard and the 

samples will be diluted to better quantify the amount of PCB present.  Table 3-1 summarizes the analyses 

required for this field effort. 

If confirmation sample results indicate that remaining contaminant levels within the sample area are 

unacceptable (i.e., exceeding soil cleanup target levels), additional soil removal actions will be necessary 

from that excavation.  After the additional excavation efforts from that excavation are complete, another 

set of confirmation samples will be obtained from the new excavation limits to determine if the closure 

standards for the area have been met or additional excavation is needed.  This cycle of over-excavation 

and re-sampling will continue until the closure standards for that excavation area have been achieved. 

Action levels are provided in Tables 3-2 and 3-3.   

3.5.4 Quality Control (QC) Samples 

QC samples will be collected as specified in the FDEP SOP FQ1000 – Field Quality Control 

Requirements (FDEP, 2002) and the Tetra Tech Corporate Quality Assurance Manual (TtNUS, 2002a).  

Duplicate samples will be collected at the rate of one per 10 samples.  MS/MSD samples will be collected 
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at the rate of one per 20 samples per matrix.  Equipment blanks and field blanks will also be collected at a 

minimum of 5 percent of each reported test result/matrix combination.  

3.5.5 Sample Identification 

Base and Site Designations 

The base designation for Naval Air Station Key West is KW.  The site designation for the Former Water 

Tower Site is C03. 

Soil Sample Identification 

A sample tracking number will consist of a five- to six-segment, alphanumeric code that identifies the Site 

number, investigation phase, location, sample type, depth, month and year of sample event, and the QC 

designation.  The sample type and QC designations will only be used if applicable.  Any other pertinent 

information regarding sample identification will be recorded in the field logbook. 

The alphanumeric coding to be used in the sample system and examples of possible sample identification 

numbers follow: 

ANN - Site Number 

A - Investigation Phase 

NN - Grid Cell Number (Figure 2-4) 

A - Location 

A - Sample Type 

NN - Depth (if applicable) 

NNNN - Month and Year 

AAA - QC Designation (if applicable) 

Character Type: 

A = Alpha 

N = Numeric 

Investigation Phase: 

V = Confirmation 

Sample Type: 

C = Composite (if applicable) 

Location: 
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F - Floor 

N - North Wall 

S - South Wall 

E - East Wall 

W - West Wall 

Example 1:  A confirmation sample collected from the north wall of grid cell number 6 at Site C03 at a 

depth of 12 inches, during the August 2004 sampling event would be called C03V-06N-12-0804.   

Example 2:  The confirmation sample, MS, and MSD collected from the floor of grid cell number 7 at 

Site C03 during the August 2004 sampling event would be called C03V-07F-0804, C03V-07F-0804MS, 

C03V-07F-0804MSD. 

Rinsate, and field blanks will be identified by base designation, type of blank, and the date of collection.  

For example, the fixed-base analytical rinsate blank collected on August 4, 2004 would be called 

KWRB080404. 

3.5.6 Sample Analyses 

The proposed sample analyses were based on past land use and the compounds identified during past 

sampling events.  Laboratory results will be available within 48 hours after sampling.  Rinsate blanks, trip 

blanks, and field duplicates will be analyzed as necessary for quality assurance/quality control purposes. 

Although samples will be analyzed with a 48 hour turnaround time, the results cannot be considered final 

until the data have been fully validated.  There is some risk associated with making decisions based on 

preliminary data.  Concentrations may be modified during validation process, making additional 

excavation necessary.  Site closure reporting in the RACR will be based on the validated data.  Table 3-1 

contains a listing of the analytes and methods of analysis that will be performed during the confirmation 

sampling. 

3.5.7 Investigation-Derived Waste Handling 

A small volume of Investigation-Derived Waste (IDW) is expected to be generated during field sampling 

due to the use of manual sampling techniques.  Prior remediation activities have disturbed and 

homogenized the surface soil at the water tower site.  Thus, any IDW that is generated will be placed 

back into the soil at each respective sampling location. 
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3.6 SURVEYING 

Handheld global positioning system (GPS) or direct measurements will be used to locate all sample 

locations.  An X-Y-Z coordinate system will be used to identify locations.  Each location will be measured 

from a reference point tied to the state plane system, where the X coordinate describes the east-west axis 

location (Easting) and the Y coordinate describes the north-south axis location (Northing).  All locations 

will be reported using the Florida State Plane Coordinate System-Eastern Zone.  Elevations and 

horizontal locations will be measured to the nearest tenth of a foot. 

The footprint of all excavations will be surveyed by a certified land surveyor.  An X-Y-Z coordinate system 

will be used to identify locations.  Each location will be measured from a reference point tied to the state 

plane system, where the X coordinate describes the east-west axis location (Easting) and the Y 

coordinate describes the north-south axis location (Northing).  The vertical coordinates (Z coordinates) of 

each excavation will be surveyed in reference to the National Geodetic Vertical Datum.  All surveyed 

locations will be reported using the Florida State Plane Coordinate System-Eastern Zone.  Existing 

installation benchmarks will serve as the horizontal and vertical data for the survey.  Elevations and 

horizontal locations will be measured to the nearest hundredth of a foot. 

3.7 REPORTING 

Results from this investigation will be presented in a Project Completion Report to the Navy.  The report 

will document soil removal and disposal, confirmation sampling, and backfilling the excavation at the 

Former Water Tower Site.  Survey data for the excavated area will also be included in the report.  The 

report will be submitted in draft and final form to the Navy. 
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TABLE 3-1 
 

PARAMETER GROUPS FOR SOIL ANALYSIS 
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

 

Parameter 
Number of 
Samples (a) 

Soil (Confirmation Samples)  
TAL Metals 17 
TCL PCBs 12 
Aqueous (Rinsate blank Samples)  
TAL Metals 3 
TCL PCBs 3 

(a) The actual number of confirmation samples will be determined in the field  
based on the size and shape of the excavated area. 

TAL Metals – Method SW-846 6010B 
TCL PCBs – Method SW-846 8081A/8082 
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TABLE 3-2 
 

TAL METALS ACTION LEVELS  
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

 

Parameter 

Chemical 
Abstract Service 

Number 
Residential 

Action Level Units 
Aluminum 7429-90-5 72,000 mg/kg 
Antimony 7440-36-0 26 mg/kg 
Arsenic 7440-38-2 2.66 mg/kg 
Barium 7440-39-3 110 mg/kg 
Beryllium 7440-41-7 120 mg/kg 
Cadmium 7440-43-9 75 mg/kg 
Calcium 7440-70-2 NA mg/kg 
Chromium 7440-47-3 210 mg/kg 
Cobalt 7440-48-4 4,700 mg/kg 
Copper 7440-50-8 110 mg/kg 
Cyanide 57-12-5 30 mg/kg 
Iron 7439-89-6 23,000 mg/kg 
Lead 7439-92-1 400 mg/kg 
Magnesium 7439-95-4 NA mg/kg 
Manganese 7439-96-5 NA mg/kg 
Mercury 7439-97-6 1,600 mg/kg 
Nickel 7440-02-0 3.4 mg/kg 
Potassium 7440-09-7 110 mg/kg 
Selenium 7782-49-2 NA mg/kg 
Silver 7440-22-4 390 mg/kg 
Sodium 7440-23-5 390 mg/kg 
Thallium 7440-28-0 NA mg/kg 
Vanadium 7440-62-2 44,000 mg/kg 
Zinc 7440-66-6 15 mg/kg 
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TABLE 3-3 
 

PCB ACTION LEVELS  
FIELD SUMMARY REPORT AND ENGINEERING EVALUATION/COST ANALYSIS 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

 

Parameter 

Chemical 
Abstract Service 

Number 
Residential 

Action Level Units 
Aroclor-1016  12674-11-2 500 µg/kg 
Aroclor-1221  11104-28-2 500 µg/kg 
Aroclor-1232  11141-16-5 500 µg/kg 
Aroclor-1242  53469-21-9 500 µg/kg 
Aroclor-1248  12672-29-6 500 µg/kg 
Aroclor-1254  11097-69-1 500 µg/kg 
Aroclor-1260  11096-82-5 500 µg/kg 
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4.0 ENGINEERING EVALUATION/COST ANALYSIS FOR ALTERNATIVES 

This Engineering Evaluation/Cost Analysis (EE/CA) compares the remedial alternatives developed for the 

Truman Annex Water Tower Site at Naval Air Station (NAS) Key West.  A detailed description of each 

alternative and the results for each specific evaluation standard are included.   

4.1 DESCRIPTION OF SITE 

A description of the site, including its history and background, is provided in chapter 1 of this document.  

Concentrations of PCBs and lead exceeding action levels were detected in the surface soil at the water 

tower site during delineation sampling.  For this reason, the areas at the Former Water Tower Site that 

contain contaminant concentrations above the action levels require remediation.  

4.2 ALTERNATIVES 

Preliminary remedial alternatives considered for these sites included soil washing, encapsulation, 

excavation and disposal, solidification, electrokinetic separation, chemical extraction, and capping.  

Based on several criteria, the alternatives considered for all sites were narrowed down to three 

alternatives.  

• Alternative 1 - Soil Washing 

• Alternative 2 - Encapsulation/Stabilization in an asphalt emulsion 

• Alternative 3 - Excavation and Disposal 

4.3 COMPARATIVE ANALYSIS OF ALTERNATIVES 

An alternative is selected based on a comparison of possible alternatives using the following criteria: 

• Protection of human health and the environment 

• Media clean-up standards 

• Source control 

• Waste management standards 

• Other factors 

• Long-term reliability and effectiveness 

• Reduction in toxicity, mobility, or volume 

• Short-term effectiveness 
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• Implementability 

• Cost 

This section discusses the evaluation criteria and how well each alternative meets each criterion.  

4.3.1 Protection Of Human Health and The Environment 

The protection of human health and the environment is the overriding goal of any remedy that would be 

appropriate for the Former Water Tower Site.  This criterion considers the extent to which an alternative 

mitigates potential short- and long-term exposure to residual contamination and how the remedy would 

protect human health and the environment both during and after implementation of the alternative.  In 

addition, the levels and characterization of contaminants remaining in situ, potential exposure pathways, 

potentially affected populations, their level of exposure to contaminants, and the reduction of exposure 

over time are considered.  For management of mitigation measures, the relative reduction of 

environmental impacts for each alternative is determined by comparing residual levels for each alternative 

with existing criteria, standards, and guidelines.  The ecological considerations for this evaluation criterion 

include potential short- and long-term beneficial or adverse effects of the corrective measure, adverse 

effects on environmentally sensitive areas, and an analysis on how to mitigate adverse effects.  

• Alternative 1 would be protective of human health and the environment because soil washing would 

reduce contaminant levels in the soil, reducing risk to human and ecological receptors.  However, soil 

washing may be only partially effective for PCBs.   

• Alternative 2 would be protective of human health and the environment because 

encapsulation/stabilization would prevent migration of the contaminants.  However, as with soil 

washing, encapsulation/stabilization may be only partially effective for PCBs.  

• Alternative 3 would eliminate the potential for exposure because the contamination would be removed 

from the site.  

4.3.2 Media Clean-Up Standards 

This criterion considers whether the alternative would achieve the media clean-up standards.  In addition, 

it assesses relevant institutional needs for each alternative.  The effects of federal, state of Florida, and 

local environmental regulations also are considered.  At the Former Water Tower Site, the remediation 

must comply with residential media-cleanup standards. 
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• Alternatives 1 and 3 would comply with the media-cleanup standards.  

• Alternative 2 would not reduce contamination to media-clean up standards, but would reduce mobility 

of contaminants. 

4.3.3 Source Control 

This criterion evaluates the ability of each alternative to control the source of contamination so as to 

reduce or eliminate further releases that could pose a threat to human health and the environment.  The 

criterion addresses whether source control measures are necessary and if so, what source control 

actions would be appropriate.   

• Alternatives 1 and 2 would provide some source control by reducing or containing the contamination.   

• Alternative 3 would provide effective control of contaminant sources in soil by removing the most 

contaminated soil.  

4.3.4 Waste Management Standards 

The selected alternative must comply with applicable standards for the management of wastes.  These 

standards require a description of how the specific waste management activities would be conducted in 

order to maintain compliance with all applicable state and federal regulations.  

• Alternatives 1 and 2 would require treatment and/or disposal of wastes generated by soil washing and 

encapsulation/stabilization.   

• Alternative 3 would remove and dispose of the soil with contaminant concentrations in excess of 

residential standards.   

Soil removal would be conducted in accordance with the Resource Conservation and Recovery Act 

(RCRA) (40 CFR 262, 263, 264, and 268) and the state of Florida regulatory requirements (Chapter 62-

730 F.A.C.), as well as equivalent requirements of the state in which the TSDF is located.  In addition, a 

licensed waste hauler would be used to transport the containerized waste to the TSDF.  All applicable 

RCRA and state of Florida waste management requirements would be complied with in the 

containerization, labeling, and manifesting of the waste materials.  
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4.3.5 Long-Term Reliability and Effectiveness 

Evaluation of long-term reliability and effectiveness of the alternatives includes an assessment of their 

useful life, operation and maintenance procedures, and demonstrated reliability.   

• Alternative 1 would be reliable and effective in the long term since the contamination would be 

reduced in the soil, provided a treatability study proves that soil washing is a valid remediation 

method for the contamination. 

• Alternative 2 does not have a proven record for long-term reliability and effectiveness for 

encapsulation of organics.  The asphalt mix may not stabilize the contaminated soil indefinitely. 

• Alternative 3 would remove the contaminated soil from the site, which would be a very reliable and 

effective alternative in the long-term.   

4.3.6 Reduction in Toxicity, Mobility, or Volume 

This criterion evaluates the ability of the alternative to reduce the toxicity, mobility, or volume of the 

contaminants or media through treatment. 

• Alternative 1 would reduce the toxicity and volume of the contaminants in the soil.   

• Alternative 2 would reduce the mobility of the contaminants by encapsulating them in an asphalt 

emulsion.  However, there would be no reduction of toxicity or volume of contamination.   

• Alternative 3 may include treatment of the soil, if required.  Any treatment would be designed to 

reduce the toxicity and mobility of contaminants remaining in the soil before being sent to a TSDF.  

Toxicity at the excavation site would be reduced due to the removal of contaminated soil. 

4.3.7 Short-Term Effectiveness 

This criterion evaluates the potential effects to the workers and community during implementation of the 

corrective measures.  

• No significant risks to the community are anticipated from any of the three alternatives, other than the 

minimal risk associated with transportation of the contaminated media through the community and 

during off-site treatment and disposal under Alternative 3. 
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• All alternatives would have some short-term risk to workers because of their exposure to the 

contaminated soil.  These risks would be adequately controlled by following appropriate health and 

safety procedures. 

4.3.8 Implementability 

This criterion evaluates the relative ease of implementation, availability of equipment and services, the 

technical complexity of the process, and the ability to obtain required permits. 

• Alternatives 1 and 2 would both require a treatability study, making them more difficult to implement.  

In addition, the treatability studies could determine that the alternative would be ineffective.  

• Alternative 3 would remove the contaminated soil, which would be readily implementable because it 

would use proven and commercially available technologies. 

4.3.9 Cost 

A cost estimate of each of the corrective measures includes capital, operation, and maintenance costs.  

Capital costs include both direct and indirect costs.  Operating and Maintenance costs include post-

construction activities that are necessary to ensure the continued effectiveness of an alternative.  These 

cost estimates are for technology comparison only. 

Alternative Capital ($) 
1 41,750 
2 29,500 
3 36,750 

 

Based on the estimated limits of excavation identified in Figure 2-4, approximately 175 cubic yards of soil 

would be remediated.  Cost calculations were done with the assumption that one cubic yard of soil weighs 

approximately one ton.  Costs for alternatives 1 and 2 are based on an average cost per ton provided by 

the Federal Remediation Technologies Roundtable (FRTR) Remediation Technologies Screening Matrix 

and Reference Guide (FRTR, 2002).  According to this resource, the average cost for soil washing is 

approximately $170/ton.  The cost for stabilization/encapsulation is approximately $100/ton.  A treatability 

study cost of $12,000 was added for alternatives 1 and 2.  The cost for excavation and disposal is 

approximately $210/ton, based on estimates provided by Enola Contracting Services, Inc. and previously 

calculated excavation costs.  The cost for excavation and disposal is approximately $7,250 more than the 

estimated cost for encapsulation/stabilization.  However, a treatability study would delay full 
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implementation of the encapsulation/stabilization remedy and may prove that this remedy is not feasible 

at the Former Water Tower Site.  

4.4 SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES 

Table 4-1 summarizes results of the comparative analysis of alternatives.  

4.5 RECOMMENDED ALTERNATIVE 

The recommended remedial alternative for the Former Water Tower Site is Alternative 3 – Excavation and 

Disposal.  Alternative 3 is viewed as appropriate for the site for several reasons.  Since Alternative 3 

would remove the contamination, this alternative would be the most protective of human health and the 

environment.  This alternative also is readily implementable because it uses proven and commercially 

available technologies.  In addition, Alternative 3 would not require a treatability study, while Alternatives 

1 and 2 would require this additional study.  In summary, Alternative 3 was chosen because of the ease 

of implementation, the proven reliability, and the effective control of contamination. 
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